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MEGAPORT COMPETITIVENESS AND SUSTAINABILITY PRACTICE IN 
CONTAINER SHIPPING LOGISTICS IN NORTHEAST ASIA 
 
ABSTRACT 
By Sihyun Kim 
Amidst intense port competition in Northeast Asia, competitiveness in port 
operations is a critical issue in adopting and implementing sustainability 
practice that incorporate economic, environmental, social and operational 
perspectives. Notwithstanding the importance of sustainability practice for 
sustainable port operations, very few studies have investigated its links with 
operational sustainability and competitiveness. For this reason, in order to 
encourage the proactive adoption and implementation of sustainability 
practice in port operations, this study aims to analyse the role of sustainability 
practice in managing competitiveness and continuous improvements in 
operational performance, based on mega container ports operations.    
To address this issue, this study adopted a two-phase research design which 
incorporates a preliminary field study and empirical research. At first, to 
understand the specific and general features of sustainability practice in 
commercial port operations, preliminary field work through semi-structured 
face-to-face interviews were undertaken. Interviews validated the attributes of 
sustainability practice in the container port operational context, investigating 
the relevant issues. Thereafter, based on data collected from 203 
organisations engaged in container port operations in Northeast Asia, the 
feasible relationships among sustainability practice, competitiveness and 
performance were analysed using hierarchical moderator regression analysis 
in SPSS 21. Finally, the results revealed that sustainability practice has a 
significant contribution as a moderator to the relationship between 
competitiveness, particularly in operational efficiency and service quality, and 
operational performance.     
The two-phase research design made it possible to define and validate the 
role of sustainability practice in managing the relationship between 
competitiveness and performance. With regard to theory, this study has 
placed the case of Northeast Asia in a global context. Secondly, the direct 
relationships between determinants of megaport competitiveness and 
performance in the context of container port operations were verified. Thirdly, 
the specific routes, what is achievable and how sustainability practice 
contributes to enhancing the relationships between determinants of megaport 
competitiveness and operational performance, were revealed in a container 
port operational context. For the ports industries, this study has provided 
useful insights to establish strategies for sustainable port operations and a 
strategic agenda to assist ports to incorporate sustainability practice, 
providing evidence that this will contribute to enhancing their overall 
competitiveness. The findings are expected to be utilised further in future 
studies on sustainable port development and operations, as well as to 
provide guidance for port operators in its future improvement strategy.    
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CHAPTER 1: INTRODUCTION 
 
This study investigates and analyses the role of sustainability practice in 
managing competitiveness, particularly analysing what is achievable and how 
it contributes to the relationships between competitiveness and performance, 
based on mega container port operations in Northeast Asia (NEA). To 
address above issue, this chapter provides an overview including the 
research background (section 1.1), research question and objectives (section 
1.2), and research methodology adopted (section 1.3). The chapter ends with 
a simplified explanation of the overall structure of the thesis (section 1.4).    
 
 1.1 Background to the research 
 
As port functions change to act as an economic catalyst and take on a 
central position in industries engaged in international trade, issues of 
economic stability and corporate responsibility shed new light on port 
operations (Denktas and Karatas, 2012; Lun et al., 2010). Moreover, with 
increasing environmental consciousness, ports need to improve their 
operational sustainability within the bounds of the environmental regulations, 
by accommodating stakeholder expectations (Dinwoodie et al., 2012; Adams 
et al., 2010). In order to accommodate the current and future needs of ports 
and their stakeholders, ports need to find a balance between valuable land, 
labour and technology, as well as to perform as a multifunctional business 
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centre which can produce added-value and growth in their host cities 
(Ducruet and Lugo, 2013; Wang and Cheng, 2010; Low et al., 2009), in that: 
 First, port success is relevant to national competitiveness and 
economic growth (Sanchez et al., 2003). Ports are considered as a 
significant component of the local economy and economic cooperation 
with its surrounding areas which integrates the overall production and 
distribution systems (Low et al., 2009).   
 
 Second, ports function as an economic catalyst on revenue and 
employment (Feng et al., 2012; Wang and Cheng, 2010). As stated by 
Feng et al. (2012:491), “The ratio of direct return from port operations 
to the indirect return from port related activities is 1:5 and the ratio of 
direct employment to indirect employment is around 1:9, respectively”. 
 
 Third, with increasing environmental consciousness, environmental 
issues have become a central point of the strategic and operative 
management policies in various fields in the shipping and port 
industries, which aim to achieve effective protection of the 
environment alongside economic growth (Dinwoodie et al., 2012; Lun, 
2011).  
 
Moreover, as claimed by Adams et al. (2010), new opportunities to achieve 
competitive advantage and/or to sustain a competitive position are critical 
issues for sustainable port development and operations in sophisticated port 
competition. As a result, organisations and industries related to port 
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operations have progressively begun to translate sustainability issues from a 
side-lined management concern into a core issue directly related to efficiency 
and competitiveness (Denktas and Karatas, 2012;  Lun, 2011; Cheon and 
Deakin, 2010).   
In port industries, sustainable development does not mean ‘no development’. 
Sustainable development in port operations means ‘business strategies and 
activities’ in order to accommodate the current and future needs of the ports 
(Cheon and Deakin, 2010). Therefore, ‘sustainability practice’ in port 
operations is considered as a strategic/operative practice that means the 
simultaneous pursuits of economic prosperity, environmental quality, social 
responsibility and operational viability (Dinwoodie et al., 2012; Cheon and 
Deakin, 2010).  
With expanded port functions which are central to industries engaged in 
international trade, the needs for sustainability practices that aim to achieve 
sustainable port development and operations has become widespread 
across the world’s ports without limitations to a particular country or region 
(e.g. Los Angeles /Long Beach, Rotterdam, Antwerp, Seattle, Hong Kong, 
Singapore, etc…). Notwithstanding the higher demands for sustainability 
practice in promoting sustainable development and operations, the major 
container ports in NEA have reported two challenges in carrying out such 
practices.  
 
 First, because of a highly competitive business environment in port 
operations, only limited studies have focused on sustainability strategy 
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and/or practices in this region compared to Western countries such as 
the regions of Europe and the USA.  
 
 Second, a lack of evidence due to limited studies impedes taking a 
proactive attitude towards implementing sustainability practice in port 
operations.  
 
Ports are still concerned about eroding their competitiveness if they 
implement sustainability practices, as well as being reluctant to take a more 
positive attribute. Responses have been late and unfocused. Denktas and 
Karatas (2012) claimed that it is because prior works on sustainability issues 
were focused on environmental impact minimisation and environmental index 
development. Therefore, because of high attention to environmental aspects, 
very few studies have investigated its links with operational sustainability 
considering competitiveness and performance (Denktas and Karatas, 2012; 
Cheon and Deakin, 2010). Namely, although numerous case studies have 
identified various benefits arising from implementing sustainability practice, 
few studies have empirically investigated the commonalities between 
sustainability practice and operational sustainability managing 
competitiveness and performance.   
Moreover, amidst intensified port competition in NEA, there has been a great 
deal of practitioner interest in improving competitiveness by implementing 
sustainability practices. This focus is not surprising, as operational 
sustainability in commercial port operations critically depends on 
competitiveness and attractiveness to shipping lines (Yeo et al., 2011; Cheon 
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and Deakin, 2010). Therefore, to provide insights to guide strategies for 
sustainable port operations and a strategic agenda to assist ports to 
incorporate sustainability practice, this paper aims to explore and analyse the 
role of sustainability practice on the relationship between competitiveness 
and operational performance, which can enhance operational sustainability in 
commercial port operations (Cheon and Deakin, 2010).  
Sustainability practice in this research is defined as strategic practices in port 
operations that incorporate economic, environmental, social and operational 
perspectives (see more detail in 3.2.1). To analyse how sustainability 
practices contribute to enhancing competitiveness which allows continuous 
performance improvement, this study investigates and analyses the role of 
sustainability practices in managing competitiveness and operational 
performance from a long-term perspective, based on mega container port 
operations in NEA. In particular, to analyse the impacts of sustainability 
practices to continuous performance improvement, this study adopts 
operational performance as the outcome of strategic objectives, which can 
reflect how well organisations and industries achieve their goals related to 
the accomplishment of strategic objectives from a long-term perspective (Lu 
et al., 2009). More details of operational performance from a long-term 
perspective are displayed in chapter 3.4. Key factors determining mega 
container port competitiveness in NEA, the role of sustainability practice in 
managing competitiveness and performance, and what is achievable and 
how sustainability practice influences the strength of the relationship between 
competitiveness and operational performance will be investigated and 
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analysed in this thesis. The results are expected to be utilised further in 
future studies on port development and operations, as well as to provide 
guidance to port industries in future improvement strategy.  
 
1.2 Research question and objectives 
 
Based on the research background, in order to provide useful insights to 
establish strategies for sustainable port operations and a strategic agenda to 
assist ports to incorporate sustainability practices into their operations, the 
prime research question of this study is: 
 
“Does sustainability practice contribute to enhancing competitiveness which 
allows continuous performance improvement in mega container port 
operations?”  
To answer this question, this research aims to investigate and analyse the 
role of sustainability practice in managing competitiveness based on mega 
container port operations in NEA, in particular, by analysing the moderation 
effect of sustainability practice on the relationships between competitiveness 
and operational performance in long-term perspective, through achieving the 
following objectives:   
 
1. To analyse the attributes of sustainability practice in container port 
operations.  
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2. To synthesis the theoretical relationships between sustainability 
practice, competitiveness and performance. 
 
3. To model the relationships between sustainability practice, 
competitiveness and performance in mega container port operations. 
 
4. To analyse the impact of sustainability practice on the relationship 
between mega container port competitiveness and operational 
performance, based on Northeast Asian cases. 
 
5. To evaluate differences in the levels of implementation of sustainability 
practice and their implications for the strategic management of mega 
container ports.   
 
 
1.3 Research methodology 
 
An analysis of moderating effects facilitates understanding of the relationship 
between variables, particularly affecting the strength of the relationship 
between an independent variable and a dependent variable (Isik, 2010; 
Baron and Kenny, 1986). Therefore, a moderator is a variable that specifies 
conditions under which a predictor variable is related to an outcome 
(Holmbeck, 2002). Figure 1.1 presents a simplified research concept to 
analyse the moderating effects of sustainability practice on the relationship 
between megaport competitiveness (MPC) and operational performance (OP) 
(see more details in chapter 4).  
 
8 
 
 
Figure 1.1 Research concept simplified 
  
Prior to analysing the impact of sustainability practice on the relationship 
between a dependent variable (MPC) and an independent variable (OP), the 
direct relationships between determinants of MPC and OP were initially 
analysed using multiple regression analysis (MRA) in SPSS 21. Based on the 
results of MRA, hierarchical moderator regression analysis (HMRA) in SPSS 
21 was conducted to explore the role of sustainability practice on the 
relationships between determinants of MPC and OP, namely, the hypotheses 
were tested to explore the specific routes showing what is achievable and 
how significantly they contribute to enhancing the strength of the relationship 
between sub-dimensions of competitiveness and performance.  
Additionally, to analyse the difference in the level of implementation of 
sustainability practice, alternative sub-group analysis was conducted via 
independent sample t-tests in SPSS 21. The mean split was applied to 
identify groups (Hartmann and Moers, 1999): The total sample was grouped 
into two value categories, “high” and “low”, using the moderator variable’s 
latent variable score (Henseler and Fassott, 2010). From a ‘multi-sample’ 
approach, a comparison between the two groups was performed to evaluate 
9 
 
differences in the levels of implementation. Finally, based on the results of 
sub-group analysis, their implications for the strategic management of mega 
container ports in NEA were analysed and evaluated.  
 
1.4 Research structure 
 
This thesis is organised into nine chapters. At the end of this chapter, figure 
1.2 presents a brief illustration of each chapter. After the introduction to this 
study, the business environment of container port operations in NEA 
including changes in container shipping and port operations, mega container 
ports operations in NEA, and sustainability in mega container port operations 
is comprehensively reviewed to indicate problematic issues to be addressed. 
Based on the reviews, the research direction for analysing the role of 
sustainability practice in managing competitiveness and performance is 
discussed.  
The following chapter reviews the relevant literature including theories and 
extant knowledge, which provides a foundation for research model 
development conceptualising the role of sustainability practice on the 
relationships between competitiveness and operational success. The 
definitions of sustainability practice, megaport competitiveness, and 
operational performance are presented in this chapter, investigating and 
summarising the relevant issues.     
In chapter 4, a research conceptual framework to present research process 
and a research model to analyse the moderation effect of sustainability 
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practice on the relationship between competitiveness and operational 
performance are developed and elaborated. In particular, the research 
conceptual framework explains a two-phase research design including a 
preliminary field study through interviews and questionnaire survey for 
statistical analysis. Preliminary field work is undertaken to validate the 
attributes of sustainability practice, understanding the specific and general 
features in container port operations in NEA. Thereafter, empirical 
investigation via questionnaire survey is performed to analyse the 
relationships hypothesised in a research model of this study. 
In order to provide assurance that methods and procedures to achieve 
research objectives are appropriate, chapter 5 elaborates the research 
methodology adopted in this study, which incorporates research design, 
sample design, data collection process, data analysis technique, and data 
quality issues. In particular, because this study desires to adopt a two-phase 
research design that combines qualitative and quantitative methods including 
semi-structured face-to-face interviews and a questionnaire survey, this 
chapter includes the introduction of the combined-method and data collection 
process. In addition, analysis techniques and data quality issues for both 
qualitative and quantitative research are discussed.  
Chapter 6 analyses the data collected from interviews and displays the 
results. Interviews were undertaken to validate the attributes of sustainability 
practice in NEA, investigating port stakeholders’ views. Thematic analysis 
which emphasises pinpointing, examining, and recording patterns within data 
was employed to analyse interviews. After displaying the results of interviews, 
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conclusions that the identified attribute of sustainability practice is applicable 
to NEA were drawn in this chapter, providing useful information to 
understand the specific and general feature of sustainability practice in 
container port operations.  
Chapter 7 presents the results of the empirical research to analyse the 
feasible relationships hypothesised. Prior to hypothesis testing, sample data 
collected was analysed and discussed including: 1) the overall sample profile 
which includes response rate, assessing non-response bias, and 
demographic characteristics; 2) descriptive statistics for the items used and 
its comparison among the three ports; and 3) data preparation and screening, 
item purification in SPSS 21, and the validity and reliability of a measurement 
model in AMOS 21. After discussing the quality of sample collected, research 
hypotheses of this study were examined through a package of regression 
analysis including MRA and HMRA in SPSS 21. Lastly, the results of the 
alternative sub-group analysis were presented to compare differences in the 
levels of implementation of sustainability practice.  
In chapter 8, the findings of this study are discussed in a more focused 
manner within the context of relevant literature so as to 1) interpret the 
results of research from the context of container port operations, and 2) draw 
out theoretical and practical implications. Particularly, this study has 
advanced the role of sustainability practice by shedding new light on 
operational sustainability, analysing what is achievable and how sustainability 
practice contributes to the relationship between competitiveness and 
12 
 
operational performance. Therefore, this chapter discusses and presents 
academic and practical implications based on research findings.  
Finally, this thesis ends with conclusions. Research conclusions include 
recommendations and suggestions. After presenting recommendations for 
academia and the port industry, research directions for further study based 
on limitations of this study are suggested.  
 
 
 
 
 
 
 
 
13 
 
 
 
Figure 1.2 Research structure  
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CHAPTER 2: BUSINESS ENVIRONMENT OF 
CONTAINER PORT OPERATIONS IN 
NORTHEAST ASIA 
 
This chapter presents the business environment of container port operations, 
starting with a discussion of the changes in container shipping and port 
operations. A following section deals with mega container port operations in 
NEA, including the concept of mega container port, geographical location, the 
importance of container shipping, and port competition in new hub-and-spoke 
networks featured in NEA. In the following section, sustainability in mega 
container port operations and the relevant issues such as policy, drivers and 
practices in container port operations are investigated and discussed. On the 
basis of the above, the problematic issue to be addressed, which is a 
direction for this research, is presented in the fifth section, providing a 
chapter summary.         
 
2.1 Changes in international shipping and port operations 
2.1.1 Growth of container cargo volume  
 
Since the introduction of containerisation in 1956, world trade and 
globalisation has been facilitated (Coulter, 2002). For many decades, the 
growth of containerisation led to the growth of container seaborne traffic in 
world trade, accounting for over 16 % of global seaborne trade by volume in 
2012 (UNCTAD, 2013). For example, in the study of 22 industrialised 
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countries, Bernhofen et al. (2013) revealed that the bilateral trade by 
container traffic has increased up to 320% over the first five years after 
adoption and 790% over twenty years. As a result, container shipping has 
been the fastest-growing market segment accounting for over 60% of the 
value of global seaborne trade, leading economic globalisation (Clarkson, 
2013). 
Coulter (2002:139) stated four significant changes brought about by 
containerisation in maritime shipping:   
 Shift from ocean carrier to total logistics system. The carriers’ 
strategy has shifted from a port-to-port to a door-to-door focus. The 
container made this shift possible by virtue of its interchangeability 
among the various modes of transport (road, rail, and sea), giving birth 
to the term intermodalism,  
 
 Greater concentration of trade flows. The worldwide spread of 
containerization has led traditional commodities such as raw cotton, 
sugar, wood pulp, waste paper, raw timber, and even grain to become 
increasingly containerized. Consequently, once-specialized trade 
flows carrying specific commodities to ports with general cargo-
handling facilities are gradually merging to form a steady stream of 
containers to ports equipped only to handle containers. For bulk 
commodities such as iron ore, coal, and crude oil, there is less 
concentration due to geographical diversity of supplies, 
 
 Globalization of production facilities. Manufacturing is becoming a 
process of bringing together and assembling raw materials, parts, and 
semi-finished products from all over the world. Only final assembly 
adjustments are carried out in local markets, and 
 
 The rise of supply chain management as a discipline. With the 
container offering visibility in the cargo pipeline, the constant need to 
reduce inventory investment and speed products to the market has 
prompted companies to focus on supply logistics in their quest for a 
competitive edge. As a consequence, many companies are shifting 
logistics strategies from “operational effectiveness” to one of customer 
“value maximization”.  
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In terms of global container seaborne traffic, UNCTAD (2013) reported the 
fast growth of global container trade. According to the annual changes from 
1996 - 2013, excepting for the global recession of container trade in 2009 
(falling by 9-10 %) caused by global financial crisis in 2008, the growth of 
global container trade has continually shown an upward trend recording a 
positive growth rate every year (UNCTAD, 2013). Moreover, total container 
cargo traffic in 2013 recorded approximately 160M TEUs which accounts for 
approximately 60% of the value of global seaborne trade (Clarkson, 2013), 
as illustrated in Figure 2.1.  
 
Source: Review of maritime transport (UNCTAD, 2013: 23) 
Figure 2.1 Global container trades, 1996-2013 
 
To respond to such a growth in global container trade, shipping services, 
shipping links and shipping networks are progressively changing and 
complicated (Robinson, 1998). Moreover, the growth of container seaborne 
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traffic has significantly influenced port development and operations such as 
technical advances, hub and spoke systems, hinterland development and 
intermodal transport, and expanded port functions (Medda and Carbonaro, 
2007).  
2.1.2 Deployment of mega container ships 
 
The container shipping industry has entered the mega ship era since 2007, 
deploying a fleet of mega container ships having a carrying capacity in 
excess of 10,000 TEUs (Imai et al., 2013). According to Alpha-liner, average 
vessels size on the Asia-Europe route in 2008 was 6,390 TEU. At end-
August 2012, it recorded about 9,350 TEU which increased by 46% 
compared to 2008. Moreover, mega container ships of over 10,000 TEUs 
now dominate in the container ship building market, accounting for 48.4% of 
the capacity currently on order (ISL, 2013).  
As argued by Cullinane and Khanna (1999), deployment of large container 
vessels helps shipping conglomerates to further enhance cost efficiencies 
from reaping economies of scale on mainline and feeder services. With 
respect to costs and benefits, prior studies estimated the benefit from 
deployment of large container vessels:  
 A 12,500-TEU ship only costs twice as much as a 5000-TEU ship in 
terms of unit cost per TEU, but carries more than two and a half times 
as much (Sys et al., 2008: 446).  
 
 Samsung confirmed that a mega-post-Panamax unit of 12,000 TEU 
generated an 11% cost saving per container slot compared to an 
8,000 TEU vessel on the Europe-Far East route, and 23 % when 
compared to a Panamax unit of 4,000 TEU (United Nations ESCAP, 
2007:13).  
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 Drewry Shipping Consultants (2001) calculated a potential cost 
difference of approximately 50% between a Panamax (unit of 4,000 
TEU) and a mega-post-Panamax (unit of 10,000 TEU) (Notteboom, 
2004:89).   
 
The benefits from scale economies are inexorable in terms of the growth of 
ship size (United Nations ESCAP, 2007). However, Stopford (2009) and 
Notteboom and Rodrigue (2008) argued that economies of scale of mega 
container ship size might be influenced by technical and economic feasibility. 
Optimal ship operations imply (Sys et al., 2008:449):   
 linking economic centres by choosing the right route with the best 
number of port calls, taking into account the possibilities of feeder and 
hinterland connections; 
 
 a reasonable frequency; 
 an efficient agency network; 
 a sufficient number of stevedores providing a reliable service; 
 good logistical support; and 
 acceptable port conditions (i.e. port entry charges - port and canal 
dues, frequency reduction, pilotage, etc. if applicable, acceptable time-
windows, etc.). 
 
In port sectors, the critical issue of the capacity to accommodate mega 
container ships is closely connected with: physical capacities including water 
depth, berths and approach channels (Sys et al., 2008; van Ham, 2005); the 
proper economic conditions including sustainable cargo creation based on 
local economy (Ishii et al., 2013; Notteboom and Rodrigue, 2008); and 
competitiveness to invite shipping liners in mainlines and feeder markets 
such as terminal efficiency, inland connection and hinterland development 
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(Yeo et al., 2011, 2008). Therefore, to accommodate mega ships, container 
ports require appropriate competitive capacities to provide an attractive 
business environment to shipping lines.  
Then again, from the shipping lines perspective, as background to the 
appearance of mega container ships, another influential factor in the liner 
shipping market is the enhanced market dominance of shipping lines. The 
deployment of mega container ships leaded the dramatically increased M&A 
(Mergers and Acquisitions) and strategic alliances amongst liner shipping 
companies. This has resulted in a change of structure in the liner shipping 
market (Notteboom and Rodrigue, 2008). For example, by the mid-1990s the 
top 20 liners accounted for 49% of the total container trade (Rimmer, 1998). 
Since the deployment of mega ships in 2007, the share of total top 20 liner 
companies increased to 69.0% in 2009 and 80.8% in 2013 (UNCTAD, 2013, 
2009). For three years from 2009 to 2013, the share of total top 20 liner 
companies has increased to 11.8% (see Table 2.1).  
Moreover, the growth of ship size has intensified competition in cargo 
collection and freight rates (Fusillo, 2012; Stopford, 2009). In accordance 
with the enhanced market dominance of shipping lines, to avoid struggling for 
profitability due to the freight rate war, the necessity for shipping conferences 
that forms an association to agree on and set freight rates over different 
shipping routes has made inroads into the liner shipping markets (Fusillo, 
2012). Therefore, even if the conference lines seek price increases to offset 
the rise in operational costs, they cannot rely on the growth of the freight as 
they did before. As a result, in order to survive in the liner shipping market, 
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the reduction of cost through reaping economies of scale has been selected 
by shipping lines as the best way to balance income and outgoings and 
secure competitiveness (Rodrigue, 2009; United Nations ESCAP, 2007). For 
example, to bring stability to container shipping and to avoid overcapacities, 
container shipping lines promotes the formation of mega-alliances such as 
P3, G6 and CKYH (Seatrade Global, 2013). These phenomena may enhance 
the market dominance of the major of shipping lines and accelerate the 
deployment of bigger mega container ships.    
Table 2.1 Twenty leading liner companies, 2009 and 2013 
Ranking Operator 
2013 2009 
 
TEUs 
Share of 
world total 
(%) 
 
TEUs 
Share of 
world total 
(%) 
1 Maersk Line 2,149,524 13.4% 1,740,936 12.1% 
2 MSC 2,064,118 12.9% 1,510,720 10.5% 
3 CMA CGM 1,153,088 7.2% 864,893 6.0% 
4 COSCO 715,219 4.5% 491,580 3.4% 
5 Evergreen 709,702 4.4% 629,615 4.4% 
6 Hapag-Lloyd 639,148 4.0% 496.724 0.0% 
7 APL 570,497 3.6% 470,901 3.3% 
8 CSCL 564,151 3.5% 431,582 3.0% 
9 Hanjin 555,279 3.5% 365,605 2.5% 
10 MOL 507,894 3.2% 387,107 2.7% 
11 OOCL 453,044 2.8% 364,384 2.5% 
12 NYK 403,030 2.5% 358,094 2.5% 
13 Hamburg sud 384,293 2.4% 256,513 1.8% 
14 HMM 364,373 2.3% 258,648 1.8% 
15 Yang Ming 363,057 2.3% 317,473 2.2% 
16 K Line 341,848 2.1% 256,513 1.8% 
17 Zim 282,411 1.8% 251,717 1.7% 
18 UASC 260,818 1.6% 155,462 1.1% 
19 CSAV 259,391 1.6% 141,957 1.0% 
20 PIL 237,776 1.5% 147,985 1.0% 
Total top 20 liner  12,978,661 80.8% 9,951,392 69.0% 
Others 3,079,572 19.2% 4,477,698 31.0% 
Total all liner companies 16,058,233 100.0% 14,429,090 100.0% 
Source: Review of maritime transport (UNCTAD, 2013: 51, 2009: 63) 
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2.1.3 Changes in container port operations 
 
As declared by Midoro et al. (2005:92), the recent history of liner shipping 
has been featured as “one evolution and three revolutions”. The evolution 
was the growth in size of vessels and ports. The revolutions are connected 
with the changes in the system’s linkages and the related expansion of its 
scope (Midoro et al., 2005:92).  
 The first revolution was in ship-to-shore transfer, namely the invention 
of containers introduced by a US trucker, Malcolm McLean, in 1956, 
 
 The second revolution concerns intermodal ship–rail transport that 
further expanded the land penetration of maritime containers by 
creating landbridges, and 
 
 The third one, the transhipment revolution mainly as a means of 
overcoming shortages in port infrastructure. 
 
In order to accommodate mega container ships and to perform the expanded 
port functions, there are many changes in container port paradigms (Yeo et 
al., 2011; Baird, 2006). The changes of container port paradigm include: 
internal changes including physical capacities and technical barriers, external 
changes such as hub and spoke system, the increasing presence of global 
terminal operators and the needs of advanced port hinterland and intermodal 
transport, and performing the expanded port functions as a comprehensive 
logistics centre (Yeo et al., 2008; Yeo and Song, 2006). As illustrated in 
Figure 2.2, this results in developing port capacities including both hardware 
and software factors to invite deep sea-vessels, namely, the scale and scope 
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of container ports are expanded and complicated, featuring scale-up (Wang 
and Cheng 2010; Sys et al., 2008; van Ham, 2005), high efficiency and 
automation (Imai et al., 2013; Stopford, 2009), operational diversification 
(Rodrigue, 2009; Tongzon, 2009; Notteboom and Rodrigue, 2008; Yeo et al., 
2008), and green & safe port (Yeo et al., 2013; Adams et al., 2010; Cheon 
and Deakin, 2010).  
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Figure 2.2 Changes of container port paradigm (source: Modified by author from BPA (2009: 14). 
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2.2 Mega container ports operations in Northeast Asia 
 
2.2.1 The concept of mega container port  
 
The definition of a mega container port has changed in step with the growth 
of container ship size as each new generation of vessels is delivered 
(Rodrigue, 2009). In terms of time-horizons, this research is cross-sectional 
as it seeks to collect necessary data to identify the influential factors that 
affect mega container port competitiveness at a given time, as a ‘snapshot’ of 
particular phenomena at a particular time (Saunders et al, 2012). Therefore, 
based on prior studies on mega container ship operations (e.g. Imai et al., 
2013) and mega port operations (van den Berg and de Langen, 2011; Wang 
and Cheng, 2010; Low et al., 2009), a mega container port in this thesis 
defined as “a port feasible to accommodate mega-post-Panamax ships over 
10,000 TEUs… carrying capacity, performing the role as a multi-functional 
logistics hub in hub-and-spoke networks”.   
 
2.2.2 Geographical location of the major ports in Northeast Asia 
 
Northeast Asia (NEA) is a part of the Asia-pacific community and consists of 
China including Hong-Kong and Macau, Japan, Mongolia, South Korea, 
North Korea, and eastern regions of the Russian Federation (Yeo, 2007). 
World Economic Outlook refers to “Northeast Asia” as one of the most 
economically vibrant regions in the world, accounting for 22% of global GDP 
(IMF, 2014). Eight container ports ranked within the world’s top ten in 2013 
are located in this region. Figure 2.3 presents geographical locations of NEA, 
highlighting the major container ports ranked within the world top 10 busiest 
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container ports in terms of container throughputs (World Shipping Council, 
2014).    
Figure 2.3 Geographical locations of the major ports in Northeast Asia  
(Source: Google Map) 
 
 China: six mega container ports excluding Hong-Kong within the top 
10 in the world container port ranking; Shanghai (1st), Shenzhen (4th), 
Guangzhou (7th), Ningbo-Zhoushan (6th), Qingdao (8th), and Tianjin 
(10th). 
  
 Hong Kong (a part of China): a former British colony. The Hong-Kong 
port was the busiest container port in the world, but they lost the 
position since 2005, ranked as the 3rd busiest container port in 2010. 
 
 Japan: no mega container port within the world top 10 
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 South Korea: Busan port is ranked 5th busiest container port in the 
world within the top 10. 
 
 
2.2.3 Importance of Northeast Asia in container shipping logistics  
 
This region has also been the largest economic district of Asian markets in 
terms of economic scale and trade cargo volume (Ohashia, 2005) alongside 
a port expansion and construction boom as the region gains a position of 
ascendancy in global trade.  According to World Shipping Council (2014), 
unprecedented economic growth in China and successful export-oriented 
strategies in Hong-Kong and South Korea have created eight container ports 
in NEA ranked within the world’s top ten in 2013. Table 2.2 presents port 
ranking within the world top ten, highlighting eight NEA container ports.   
Table 2.2 Port ranking within the world top ten   
World 
Ranking 
Port Nationality Throughout 
(Million TEUs) 
1 Shanghai China 32.53 
2 Singapore Singapore 31.65 
3 Hong Kong China 23.10 
4 Shenzhen China 22.94 
5 Busan South Korea 17.04 
6 Ningbo-Zhou Shan China 16.83 
7 Guangzhou China 14.74 
8 Qingdao China 14.50 
9 Dubai United Arab Emirates 13.30 
10 Tianjin China 12.30 
Source: World Shipping Council (2014)  
 
In terms of container throughputs in world trade, according to Drewry 
maritime research (2013), container throughputs of NEA accounted for 38.4% 
of world container throughputs in 2012. Moreover, they suggested that 
throughputs of NEA will increase to 348,696,000 TEU in 2017, accounting for 
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42% of world container throughputs (Figure 2.4). This also indicates the 
importance of NEA in world container shipping, as well as constant demands 
for inter- and intra-regional shipping capacity and container-handling facilities.  
 
Figure 2.4 Container throughput of Northeast Asia (BPA, 2014) 
 
2.2.4 Port competition in Northeast Asia  
 
The major container ports in NEA have experienced an unprecedented boom 
in container shipping along with ever-intensified port competition (Yeo, 2008). 
Owing to the striking economic growth of China and the success of export-
oriented strategies of Northeast Asian countries, their share of TEUs handled 
among the top 10 container ports in this region has increased rising from 49% 
in 1980 to 59% in 2001 and to 71% in 2010 (World Shipping Council, 2011; 
Yap et al., 2006).  
In terms of the calling patterns at ports in NEA, before 2000, shipping lines 
showed typical calling patterns on a traditional route to transhipment ports in 
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NEA: Hong-Kong, Kaohsiung, Busan, Yokohama, Tokyo and Seattle 
sequentially (BPA, 2009). At that time, transhipment cargo on mainline and 
feeder services was a crucial issue for the major ports seeking to revitalise 
their economy and to avoid underutilisation of port facilities. However, in 
accordance with deployment of mega container ships and the proliferation of 
direct calls of mother ships, calling patterns in NEA have been changed and 
become complicated compared to conventional patterns of direct shipping in 
‘a multipolar port system (Haralambides, 2000)’. This is because lower cost 
and enormous local container volume leads direct calls to Chinese ports, the 
so-called ‘China effect’, as seven Chinese ports ranked in the world top 10 
busiest ports. 
Hsu and Hsieh (2005) explained these phenomena in NEA by constructing 
two-objective modes between hub-and-spoke and direct shipping. They 
revealed that, when cargo volumes increase in accordance with the growth of 
global trade, direct shipping has an advantage over transhipment by 
feedering. It is because, in terms of a hub-and-spoke system, inventory costs 
(waiting time cost and shipping time cost) exceed shipping costs (capital and 
operating cost, fuel cost and port charge), but it is reversed in a direct call 
system (Stopford, 2009). Haralambides (2000) pointed out that the reasons 
for an emerging multipolar port system are: 1) global port development, 2) 
the growth of intra-regional trade 3) an amplification of inland transport and 
logistics infrastructure, and 4) intensified competition in shipping market. 
These phenomena have, in reality, materialised in NEA with competition 
between the major ports striving for regional gateway status (see Figure 2.5). 
Particularly, as a consequence of the growth of intra-industry trade, intra-
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regional trade has progressively increased from 23.6 % in 2002 to 32.8 % in 
2009 with recording approximately 44,050,000 TEU (BPA, 2009). This high 
dependence on intra-regional trade has prominently featured in Asia 
compared to other regions (Jung, 2010); Europe (5.2%) and North America 
(1.0%). 
As a consequence, the major container ports in NEA have entered into the 
era of mega port competition striving to be a regional gateway port (Low et al., 
2009; Yap et al., 2006; Hsu and Hsieh, 2005). Because mega container ships 
imply transhipment markets: feeder-and-hub relationship (Baird, 2006), the 
shipping structure in NEA has transferred to a new hub-and-spoke network 
as shown figure 2.5. Under this pattern, interline transhipment has increased 
in NEA (BPA, 2009). Therefore, in order to achieve regional gateway status 
in new hub-and-spoke systems, competition between hub ports has featured 
in NEA, stimulating the major ports in NEA to broaden their sphere of 
influence from a sea-shore interface to a comprehensive port which boosts 
global or major regional trade and the local economy (Wang and Cheng 
2010).  
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Figure 2.5 New hub-and-spoke structure featured in Northeast Asia (Author) 
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2.3 Sustainability in mega container port operations 
 
Mega container ports are considered as critical nodes of global trade and 
supply chains, which have a complex organisational structure. The ports 
contribute to global or major regional trade and the local economy, and play 
an important role as an economic catalyst to revenue and employment 
(Ducruet and Lugo, 2013; Wang and Cheng, 2010) and as a central position 
serving industries related to international trade (Notteboom and Rodrigue, 
2008). Therefore, it appears that the concept of sustainability in mega 
container port operations shapes not only the character of success in the real 
dynamic competition between ports, but also the role and responsibility as a 
central position in industries associated with international trade (Wang and 
Cheng, 2010; Low et al., 2009). In the same vein, the concept of 
sustainability in mega container port operations should incorporate the 
following four main perspectives:  
 Economic perspective including returns on investment, efficiency of 
the use of the port area, and provision of facilities for companies to 
maximize their performance (ESPO, 2012; OECD, 2011);  
 
 Operational perspective ensuring capability that improve their 
operational performance and their businesses remain competitive in 
sophisticated port competition (Denktas and Karatas, 2012; Cheon 
and Deakin, 2010)  
 
 Social scope such as the direct contribution to employment in port 
companies and activities connecting to the port (indirect employment, 
the interaction and relationship between port and city, the contribution 
to knowledge development and education, and the liveability of the 
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area surrounding the port) (ESPO, 2012; Seuring and Muller, 2008); 
and  
 
 Environmental performance and management including noise pollution, 
air quality, dredging operations, dredging disposal, dust (ESPO, 2012; 
OECD, 2011; Seuring and Muller, 2008).  
 
Sustainable development does not mean ‘no development’. Sustainable 
development in port operations means ‘business strategies and activities’ in 
order to accommodate the current and future needs of the port and its 
stakeholders, protecting and sustaining human and natural resources 
(Denktas and Karatas, 2012). Therefore, to successfully achieve 
sustainability in mega container port operations, ports need to a balance 
between valuable land, labour and technology, as well as to perform as a 
multifunctional business centre which can produce added-value and the 
growth in its host city (Wang and Cheng, 2010; Low et al., 2009), as 
sustainability issues including economic stability, low environmental impacts 
and social responsibility shed a new light on the port operations literature 
(Dinwoodie et al., 2012; Cheon and Deakin, 2010). Moreover, new 
opportunities to achieve competitive advantage and/or to sustain a 
competitive position will also be a critical issue for sustainable port operations 
in the sophisticated port competition in NEA.   
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2.4 Sustainability practice in container port operations 
 
2.4.1 Drivers of sustainability practice  
 
Sustainable development and operations have become a central point of the 
strategic and operative management in port operations, playing a very 
important role in achieving outstanding port activities including an 
improvement in container terminal efficient/cost-efficient operation, 
throughput, and profitability (Buyukozkan and Berkol, 2011; Gilman, 2003). 
Adams et al. (2010) provided five potential types of motives leading a port 
entity to invest in sustainability practices. The suggested five potential types 
include (Adams et al., 2010:5):  
 Regulatory compliance 
- International marine and environmental legislation 
- Local (e.g. provincial) environmental legislation 
 
 Response to societal pressures and resulting in direct economic 
benefits 
- Corporate and social responsibility 
- Environmental protection and quality improvement 
- Economic incentives (tax exemption, subsidies, capitalisation 
and revenues) 
- Environmental management (e.g. pollution prevention) 
 
 Development and planning 
- Coastal zones planning 
- Component of port’s sustainable development program 
 
 Operational issues 
- Operational performance 
- Health and safety issues 
- Processes standardisation 
 
 Gain competitive advantage 
- Competition between regional port 
- Short sea shipping promotion 
- Create/enhance/promote “green logistics” 
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- External business pressure (e.g. shipping lines, terminal 
operators) 
- Commercial and marketing interest 
 
Particularly, literature argued that sustainability strategy and practices can 
enhance the sustainability of competitive advantage (Adams et al., 2010; 
Rodriguez et al., 2002), simultaneously reducing the negative effects of their 
performance on the natural environment (Lun, 2011). This in turn generates 
the opportunities to improve their competitiveness in a highly competitive 
environment (BuyUkozkan and Berkol, 2011; Lun, 2011; Menguc and 
Ozanne, 2005; Porter and van der Linde, 1995), as the following elements 
cited by Francisco (2007: 825): “quality; savings (cost and energy efficiency); 
security (risk reduction); market (capturing new customers); image 
(reputation); ethics and social responsibility (low environmental impact); 
intention to continue and survive in the future; and new business 
opportunities (management and application of technologies aimed at 
preventing, mitigating and restoring, in order to resolve environmental 
problems)”. Through corresponding improvements in sustainability, the port 
can achieve more economic stability and continuous improvements in 
subsequent performance within the bounds of the environmental regulations 
(Tan et al., 2011; Schaltegger and Wagner, 2006). 
Moreover, recent works (e.g. Yang et al., 2013; Lun, 2011; Schaltegger and 
Wagner, 2011) demonstrated that the concepts of sustainability and 
profitability are not mutually exclusive. Figure 2.6 presents a sustainability 
framework to promote business competitiveness and innovative capacity 
(Trufil and Hunter, 2006). This framework provides a benchmark to evaluate 
and improve sustainable performance. These common perspectives are that 
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sustainability strategies and/or practices can not only reduce negative 
impacts of a firm’s activities on the natural environment, but also 
simultaneously contribute to better firm performance. 
 
 
Figure 2.6 Mutuality between sustainability and profitability      
(Source: Tan et al., 2011:227). 
 
Besides, Yang et al. (2013) and Lun (2011) also identified a linkage between 
sustainability issues and the opportunities to achieve competitive advantage, 
and argued that sustainability practices such as green management practice 
have a win-win relationship in terms of performance incorporating economic 
and environmental aspects. As mentioned by Lun (2011:565), this is because 
sustainability practice such as “green management practices can not only 
help to conform to environmental regulations, but also assists firms to 
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scrutinise their internal operations, engage employees in environmental 
issues and to monitor for environmental improvement”. Through continual 
environmental and organisational improvement of all of these actions, ports 
can achieve the opportunities to improve their internal operations and greater 
efficiencies (Lun, 2011; Adams et al., 2010).  
 
2.4.2 Sustainability practices adopted in port operations 
 
As recognised by many ports, sustainability strategies achieving long-term 
viability in the face of economic uncertainty, low environmental and social 
impacts are critical for sustainable development of maritime operations 
(Hong-Kong port, 2008). Accordingly, integrating the consideration of 
sustainability into all activities in and around a port is part of an aim to be a 
sustainable and efficient port. Annual sustainability reports published on port 
websites suggest guidelines and strategic advice towards port sustainability 
to address issues related to sustainable port operations and development 
with economic, social and environmental considerations (e.g. Los 
Angeles/Long Beach, 2011; OECD, 2011; Sydney, 2011; Antwerp, 2010). 
The suggested issues for “best practices” include: operational efficiency, 
safety and security in a port, cooperation and communication, monitoring and 
upgrading port facilities, and environmental management systems. 
Objectives of these practices embrace: resource, environmental, community 
and human resource management, continuous growth, and port operators 
and supply chain management (Sydney port annual report, 2011: 22-23): 
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 Resource management: To continually reduce the amount of 
resources consumed by ports, including water, energy and materials, 
 
 Environmental management: To protect the environment from adverse 
impacts associated with ports and their operators, 
 
 Community management: To continue to foster better understanding 
and relationships of mutual benefit between the community, our ports 
and their operators, 
 
 Human resource management: To increase employee satisfaction, to 
attract and retain staff and to ensure a diverse, healthy and safe 
workplace, 
 
 Sustainable growth: To plan for and promote port growth, increases in 
trade and maintain essential port-related infrastructure and transport 
logistics, and  
 
 Port operators and supply chain management: To advocate 
sustainable practices in planning, developing and operating the port 
supply chain, and to influence port operations to conduct business in 
ways that are sustainable. 
 
During recent years, to address issues related to sustainable port 
development and operations, as well as to assist decision-making processes 
oriented towards sustainable development in port industry, a number of 
international organisations (OECD, IMO, and ESPO) and international ports 
have devised and proposed guideline and strategic advice towards port 
sustainability practices. Therefore, to investigate the details for sustainability 
practices adopted in container port operations, this study reviewed “annual 
sustainability reports” published by container ports and international 
organisations such as ESPO and OECD. To clearly present the practices and 
its details, this study tabulated ‘sustainability practices in container port 
operations’. Table 2.3 presents descriptions and details for the suggested 
practices in container port operations.   
 38  
 
Table 2.3 Sustainability practices in container port operations 
Practice Description Detail 
 
 
Reducing financial and 
environmental risks in 
ports 
 
-Banks are concerned about their own legal liabilities, so 
they are taking a closer look at borrowing companies’ 
eco-efficiency records 
-More investors are becoming interested in investing in 
environmentally responsible ports 
 
- CO2 emission assessment 
- Greenhouse gas emission assessment 
- Water quality assessment 
- Air pollution assessment 
- FDI (foreign direct investment)  
 
 
 
Upgrading port facilities 
and equipment to cut 
operation costs 
 
 
-Facilities and equipment improvement 
-External cost down including pollution, climate change, 
and other biological damages driving from transport 
 
- AMP (Alternative maritime Power) 
- Tandem spreader   
- DPF (Diesel particulate filter trap)  
- e-RTGC (Electric rubber tired gantry crane) 
- Cold ironing (from inland) 
- LED street lamp 
- Solar power cranes 
 
Sustainable building 
construction in a 
port/hinterland 
-Reducing environmental impacts from construction 
method 
-Long-term viability of port facility 
 
- Green building standard (LEED) 
- Use of noise reduction equipment 
 
 
 
 
Enhancing long-term 
viability of operations 
 
 
-Using renewable and alternative energy sources for less 
environmental impacts 
 
- Solar energy, wind energy, and tidal energy. 
- Use of CNG(compressed Natural Gas 
- Use of bio-Diesel, hydrogen fuel 
- LED (Light Emitting Diode) street lamp 
- Solar power cranes 
- Dredging for securing water depth 
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Safety and security in a 
port 
 
 
-Reduction of accident (oil spillage) and noise/light 
pollution 
-External cost down including pollution, congestion and 
accidents 
 
 
 
 
- Reduction of accident from using electronic 
transport 
- public lighting 
- Auto Monitoring System (AMS) 
 
Resource efficiency -Cutting waste and using natural resources more 
efficiently can save costs and boost profits 
- Resource recycling in a port  
- Sustainable purchasing 
 
 
Eco-friendly and 
socially responsible 
image 
-Improving ‘Green” image, and transparency of port 
operation 
- Sustainability report 
- Incentives to shipping companies and stevedores 
with eco-friendly equipment 
 
 
Improving relationships 
with key stakeholders 
-Collaboration for minimising environmental impacts  
-Environmental groups and businesses are working 
together more to find solutions 
- CSR (Cooperate social responsibility) 
- EMS (Environmental Management System) 
- Joint distribution 
 
 
port infrastructure 
utilisation 
-Improving port infrastructure utilisation to minimise 
congestion in a port   
-External cost down (congestion, accidents) 
- Optimum use of space 
- Efficient gate processing system 
- An extended the gate operating hours 
 
 
Optimising the routing 
of vehicles 
-Energy/ cost efficiency from optimising the routes 
-External cost down (congestion, accidents and other 
biological damages driving from transport) 
- Reduction in road transport 
- Idling time reduction of ship/truck 
- AGV (Automatic Vehicle System) 
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Vehicle utilisation 
(Modal shift) 
 
-Repair and maintains a harbour-side road and 
introduction of new transportation modes 
-External cost down including pollution, congestion and 
accidents 
 
- Shift within modal split  
- Parking space operations 
- Clean truck program 
- Electric trucks 
 
 
 
Employee productivity 
-Employee training/education 
-The best and brightest young people are more willing to 
work for environmentally responsible ports 
 
 
- A combination of learning and working activities 
- Training/education 
 
The hinterland social 
and working 
environment 
 
-Creation of a pleasant life environment 
- Air quality and climate 
- Visual impact reduction 
- Open space and park development 
 
 
Expansion of the 
coastal region facilities 
-Prevention of ocean pollution caused by land activities -Expansion and improve the sewage disposal plants, 
sewage landfills, waste water disposal plants 
 
 
Recruitment and 
retention of employees 
-Job creation  
-Improving employee’s satisfaction  
 
 
- Employee’s satisfaction 
 
 
 
Providing incentives on 
the green practices 
 
-Encouraging eco-friendly practices in port activity area 
-Green ship certification System 
-Incentives on the new cleaning technology  
-Green flag incentive program 
 
Source: Annual sustainability report (ESPO, 2012, 2011; Los Angeles/Long Beach, 2011; OECD, 2011; Sydney, 2011; Antwerp, 2010; Metro 
Vancouver, 2010; Rotterdam, 2009; Massachusetts, 2008; AAPA, 2007; Oakland, 2003). 
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2.5 Summary 
 
This chapter reviewed the changes of business environment in container 
shipping, mega container port operations in NEA, and sustainability practices 
adopted in container port operations. With expanded port functions as a 
central position of industries related to international trade, the requirements 
of ports include a constant review of sustainability practices in their 
operations, so that they can improve their sustainability within the bounds of 
the environmental regulations, accommodating stakeholder expectations 
(Dinwoodie et al., 2012). Accordingly, the adoption and implementation of 
sustainability practices into all port activities has become a critical issue to 
perform their business constantly in a highly competitive business 
environment. 
However, as port sustainability concerns focussed on environmental impact 
minimization and environmental index development (Denktas and Karatas, 
2012), prior works on sustainability practice highlighted practices, policy, 
activities and procedures to manage environmental risks (Seuring and Muller, 
2008; Bansal and Roth, 2000; Brady et al., 1999). As the concept of 
sustainability in mega container port operations shapes the character of 
success in the real dynamic competition between ports, the link between 
sustainability practices and operational sustainability considering 
competitiveness is a critical issue to encourage more proactive attribute 
towards adopting and implementing sustainability practice in the competitive 
business environment in NEA. Therefore, to analyse the role of sustainability 
practice in managing competitiveness, the following chapter reviews the 
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relevant theories and existing knowledge associated with research objectives. 
The definitions of sustainability practice, megaport competitiveness and 
operational performance are also discussed, summarising the relevant issues.    
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CHAPTER 3: SUSTAINABILITY PRACTICE, 
MEGAPORT COMPETITIVENESS AND 
OPERATIONAL PERFORMANCE 
   
This chapter reviews the relevant literature encompassing both theoretical 
and empirical studies associated with this research topic, aiming 1) to provide 
a theoretical foundation, 2) to define sustainability practice, megaport 
competitiveness (MPC) and operational performance (OP), and 3) to 
investigate and summarise the influences of sustainability practices upon 
competitiveness and operational success from the relevant literature. This 
chapter starts with reviewing the theories which indicate the needs for 
adopting and implementing sustainability practices. The following section 
reviews sustainability practice as a strategic practice to effectively obtain 
and/or reinforce competitive position and business success. MPC are defined 
in section 3.3, reviewing prior studies on port competitiveness and mega 
container port operations in new hub-and-spoke networks. Lastly, OP 
incorporating financial and non-financial aspects is defined and elaborated.  
 
3.1 Theoretical background 
 
This study is based on the relevant theory, namely, resource-related theories 
which are associated with sustainability practice in managing 
competitiveness that allows continuous performance improvement. Therefore, 
the theories including resource dependency theory (RDT) and resource 
based theory (RBT) are reviewed to develop a theoretical foundation.    
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3.1.1 Resource-related theory 
 
RDT is associated with the fact that corporate sustainability depends on 
resources originated from an organisation's environment (Pfeffer and 
Salancik 1978). This theory is based on the ideas that firms acting alone are 
incapable of generating all the resources required to maintain themselves. 
Thus, as the procurement of external resources is important for the strategic 
management of any company (Drees and Heugens 2013; Pfeffer and 
Salancik 1978), the importance of the external resources of organisations 
were emphasised in this theory.  
Prior works on RDT (Drees and Heugens 2013; Davis and Cobb 2010; 
Hillman et al., 2009) have provided useful implications for the optimal 
divisional structure of organisations, external organisational links, 
production/service strategies, and many other aspects of organisational 
strategy, indicating the importance of this theory in explaining the actions of 
organisations, particularly to improve an organisational autonomy and 
legitimacy (Hillman et al., 2009). With maintaining that sustainability is 
relational, situational and potentially mutual (Drees and Heugens 2013), prior 
studies on strategic management suggest that organisations must 
communicate and cooperate to ensure sustainable management and 
operation in transactions and relations (Boyd, 1990). Therefore, operational 
sustainability can be achieved from successfully combining both internal 
corporate capabilities to control the resources needed by others and external 
capabilities to overcome a lack of resource (Davis and Cobb 2010; Provan 
and Milward, 1995). This theory also implicates the need for sustainability 
practice for sustainable port operations, explaining how the external 
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environment affects the behaviour of organisations (Davis and Cobb, 2010; 
Pfeffer and Salancik 1978),  
Additionally, according to RBT, a definition of a firm’s resources (Wernerfelt, 
1984:99) is “a firm’s resources at a given time include tangible and intangible 
assets which are tied semi-permanently to the firm”; tangible assets refer to 
the fixed assets including plant, equipment, land, and capital goods 
(Wernerfelt, 1995); intangible assets include intellectual property such as 
reputation and its brand, which is relatively unlimited (Hall et al., 1992). A 
firm’s valuable resources produce a competitive advantage that positively 
affects business performance (Arya and Lin, 2007; Das and Teng, 1998). 
Particularly, a firm can achieve a competitive position when it creates a 
successful strategy based on its resources that cannot be duplicated by 
competitors (Porter, 1985). The adoptions and implementation of strategies 
and/or practices that accelerate their internal strengths can make a 
competitive advantage sustainable, only if they can respond to environmental 
opportunities and at the same time neutralise external threats and avoid 
internal weakness (Barney, 1991, 1995). Therefore, a sustainable 
competitive advantage results from the possession of relevant capability 
differentials, and a firm can acquire a sustainable competitive advantage 
when it possesses a particular valuable resource only if it can improve its 
efficiency and effectiveness in ways that competing firms cannot; it can 
provide a long-term advantage, namely, the unique position that allows it to 
outperform them consistently (Hofer and Schendel, 1978). As sustainability 
practice aims to perform outstanding activities constantly, ports seek the 
opportunities to achieve a sustainable competitive advantage from improving 
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inimitability which is difficult to be duplicated and imitated (Lun, 2011; Adams 
et al., 2010). Therefore, sustainability practice can be considered strategic 
practice that aims to accelerate internal and external strengths, thereby 
improving inimitability that cannot be duplicated by competitors, which will 
enhance operational sustainability from consolidating an organisations’ 
competitive position based on its resources.   
 
3.2 Sustainability practice 
3.2.1 The concept of sustainability practice 
 
Sustainability is a broad concept involving economic, social, and 
environmental issues in an organisation’s operational and managerial 
processes (Bacallan, 2000; Gladwin et al., 1995). As defined by World 
Business Council for Sustainable Development (2011), sustainability is “… 
adopting business strategies and activities that meet the need of the 
enterprise and its stakeholders today, while protecting, sustaining and 
enhancing the human and natural resources that will be needed in the future”. 
Therefore, the concept of sustainability in ports necessitates the 
simultaneous pursuit of economic prosperity, environmental quality, social 
responsibility and operational viability (Taneja et al., 2012; Cheon and Deakin, 
2010). Sustainable port development practices, therefore, means that “not 
only addressing problems in port areas including safe handling of goods or 
environmental management, but also includes the actual capacity 
development for the ports and the establishment of related training capacities 
in the region, aiming to develop the port and the area surrounding the port 
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through a systematic approach working with the ports and addressing their 
specific needs” (Asean-German Technical Cooperation, 2014; 
www.sustainableport.org).   
Integrating the consideration of sustainability into all port activities is the aim 
of sustainability practices in port operations to be sustainable and efficient 
ports. Based on prior studies on sustainable ports (i.e. Cheon and Deakin, 
2010) and sustainable port operations (i.e. Dinwoodie et al., 2012), the 
concept of sustainability practice in this study is defined as “a strategic 
practice to achieve sustainability whilst allowing them to outperform their 
rivals consistently in global markets”. Consequently, as discussed in a prior 
chapter, the concept of port sustainability practice in this study encompasses:   
 Economic perspective: returns on investment, efficiency of the use 
of the port area, and provision of facilities for companies to maximise 
their performance (ESPO, 2012; OECD, 2011);  
 
 Social scope: the direct contribution to employment in port 
companies and activities connecting to the port (indirect employment, 
the interaction and relationship between port and city, the 
contribution to knowledge development and education, and the 
liveability of the area surrounding the port) (Feng et al., 2012; ESPO, 
2012; OECD, 2011); 
 
 Environmental performance and management: Noise pollution 
and air quality is the current top environmental priority for 
environmental port management, and other environmental issues 
including dredging operations, dredging disposal, dust and port 
development appeared within the top priorities in European ports in 
the last 15 years (ESPO, 2012; Seuring and Muller, 2008); and  
 
 Operational viability: capability ensuring that their operational 
performance and their businesses remain competitive in the rapidly 
changing port business environment e.g. equipment, methods and 
procedures, and delivery mechanisms that improve energy, cost, and 
resource efficiency (Cheon and Deakin, 2010; Shrivastava, 1995).  
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3.2.2 Motivations for and benefits from sustainability practice 
 
Many researchers have provided useful insights into the relationship between 
environmental and economic performance and social responsibility 
committed by firms and industries in different contexts with significant 
implications for practice and policy (Francisco et al. 2007; Schaltegger and 
Wagner, 2006; Wagner et al., 2002; Schaltegger and Synnestvedt, 2002; 
Stanwick and Stanwick, 1998).  
Porter and van der Linde (1995:120) mentioned that, “environmental 
standards can trigger innovations that lower the total cost of product or 
improve its value. Such innovations allow companies to use a range of inputs 
more productively- from raw materials to energy to labour- thus offsetting the 
costs of improving environmental impact and ending the stalemate. 
Ultimately, this enhanced resource productivity makes companies more 
competitive, not less”. Although studies based on Porter’s hypothesis support 
the view that well designed environmental regulations do not erode 
competitiveness, this still leaves a controversial point as to whether firms can 
sustain a competitive position when implementing voluntary environmental 
sustainability initiatives (Schaltegger and Wagner, 2006). However, Bacallan 
(2000) also argued that sustainability strategy can lead to improved 
competitiveness, in which social and environmental performance contributes 
to improving economic performance accompanying sustainable business 
competitiveness (Menguc and Ozanne, 2005). Moreover, recently, many 
researchers have tried to prove how sustainability initiatives can influence 
competitiveness in different contexts and different industries. Figure 3.1 
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describes the interaction of sustainability performance with business 
competitiveness. 
 
Figure 3.1 Interaction of sustainability performance with competitiveness 
(Source: Wagner and Schaltegger, 2003:8)  
 
Prior studies on the drivers of sustainability practices (Epstein and Roy, 2001; 
Sharma, 2000; Bansal and Roth, 2000) suggested the motivation for, and 
benefits from, ecologically responsive initiatives are (Shahbazpour and 
Seidel, 2006:287):  
 Legitimisation – to improve suitability of the firm’s actions within an 
established set of regulations, norms and values (Schuman, 1995); 
 
 Moral responsibility – a firm’s social obligations arising from its self-
perception as a functional entity within the macro economic, social and 
natural environments (Garvey, 2003); and  
 
 Competitiveness – the desire to improve the potential for profitability 
through developing resources and capabilities that are difficult to 
imitate (Menguc and Ozanne, 2005; Porter and van der Linde, 1995).   
 
 
On the other hand, Bacallan (2000) strongly argued that, regardless of the 
motives, organisations can enhance their competitiveness through 
improvement in environmental performance to comply with mounting 
environmental regulations and to mitigate the environmental impact of their 
production and process. Wagner and Schaltegger (2003) reviewed the link 
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between sustainability performance, business competitiveness and economic 
success. They introduced a phenomenological relationship between 
sustainability performance and economic success from which different 
predictions about the relationship can be derived by multiform economic 
perspectives, as shown in Figure 3.2. 
 
Figure 3.2 Sustainability performance and economic success (Source: Tan 
et al., 2011:226; Schaltegger and Wagner, 2006:11) 
 
In the case shown in Figure 3.2, the decreasing curve indicates the 
‘traditionalist’ view of neoclassical environmental economics (Schaltegger 
and Wagner, 2006). As mentioned by Tan (2011:226), the traditionalist 
argues that “environmental protection activities and regulations would reduce 
economic success and the companies in industries with higher environmental 
impacts will face disadvantages if we burden them with higher environmental 
compliance costs”. However, these restricted views are more associated with 
minimum level compliance, rather than pursuit of a competitive advantage 
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from environmental practices (Tan et al., 2011; Schaltegger and Wagner, 
2006).  
In contrast to this view, the inverse U-shaped curve in Figure 3.2 represents 
the ‘revisionist’ view. The notion emerges that sustainability practice has a 
beneficial influence on economic success. As mentioned by Schaltegger and 
Wagner (2006:10), this means that “improved environmental performance is 
a potential source of competitive advantage leading to more efficient 
processes, improvements in productivity, low costs of compliance and new 
market opportunities (Porter and van der Linde, 1995; Porter, 1991)”. For 
instance, pollution can be signified as waste and loss of resource productivity 
in business process (Porter and van der Linde, 1995). Pollution prevention 
including reducing the amount of waste generated and the usage of 
resources, and recycling can reduce pollution and result in lower costs of 
compliance (Schaltegger and Wagner, 2006). Therefore, process innovations 
to reduce pollution can improve resource productivity and competitiveness 
(Tan et al., 2011).   
Lastly, the dotted line describing the expanded inverse U-shaped curve in 
Figure 3.2 (the longer-term dynamics) describes ‘the efficiency frontier 
development’ over time. With demonstrating the ability of innovation and new 
technologies, Tan et al. (2011) argued that operational approaches would be 
more important for sustaining competitiveness than traditional competitive 
factors.  
Consequently, the two views described above (the ‘traditionalist’ and the 
‘revisionist’) can be generalised to the relationship between sustainability 
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performance and economic performance from different economic 
perspectives, and the longer-term dynamics implicates the efficiency frontier 
development in order to help enhance competitiveness and promote their 
innovative capacity. Paradoxically, this means that when the environmental 
management issues are in line with increased competitiveness and economic 
performance, successful management of sustainability performance can be 
achieved in the long-term perspective (Schaltegger and Wagner, 2006).  
 
3.2.3 Attributes of sustainability practice in port operations   
 
This section extracts the attributes of sustainability practices in port 
operations, reviewing diverse perspectives including operational, 
environmental, and relational aspects.  After reviewing and discussing each 
perspective, key attributes of sustainability practice in port operations are 
presented in this section.     
 
Long-term operational viability  
 
Port assets are relatively long-term and sluggish to be replaced because of 
the capital-intensive nature of the port industry. Therefore, the long-term 
operational viability is a consideration for adopting sustainability strategies 
(Mongelluzzo, 2012; Adams et al., 2010). In order to conduct business in 
ways that are sustainable, the idea of capacity lifecycle helps understand the 
long-term operational viability over time (Winter, 2003). Epstein et al. (2008) 
argued that decisions for long-term operational viability can contribute to the 
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long-term positioning equipment and mechanisms of company and industry, 
stimulating the development of new resource-saving technologies.    
At first, as argued by Shrivastava (1995), new environmental technologies as 
a strategic asset for gaining sustainability can prevent harmful ecological 
degradation, and ensure continued economic growth. Environmental 
technologies defined as production equipment, methods and procedures, and 
delivery mechanisms that conserve energy and natural resources, and 
protect the natural environment (Shrivastava, 1995). The technologies can be 
more efficient in resource-use and tend to be more environmental friendly 
(Tisdell, 2001), improving technical efficiency of process (Shrivastava, 1995) 
while reducing environmental impacts and health risk (Mongelluzzo, 2012).  
Secondly, improving flexibility as operational process innovation can enhance 
sustainability, achieving long-term financial viability in the face of economic 
uncertainty accompanying low environmental and social impacts (Taneja et 
al., 2012; Hakam and Solvang, 2009). Hakam and Solvang (2009) analysed 
interdependency between sustainability and flexibility, and argued that 
flexibility in port operation can enhance sustainability endeavours. The 
suggested measures include (Hakam and Solvang, 2009:419):   
 Improving the port’s multimodal interface increases its flexibility; 
integrating a rail interface will allow for modal shift from road to rail or 
coastal route; 
 
 Tracking and coordinating of freight movements through IT; 
Electronic data Interchange (EDI), Global Positioning Systems (GPS), 
and Radio Frequency Identification (RFID) allow for increased 
sustainability by reducing delivery time; 
 
 Reducing the vessel’s turnaround time; berth assignment loading and 
unloading operations, yard management, crane scheduling, and Auto 
Monitoring Systems (AMS); 
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 Reducing emissions; Alternative Marine Power (AMP) when hosting 
vessels, alternate fuels usage for terminal tractors or Automated 
Guided Vehicle (AGVs); 
 
 Increasing labour flexibility through motivation and cross-training; 
 
 Providing incentives to ship owner/operators to reduce their emission 
(e.g. different tax fee system) as well as the other supply chain actors; 
and  
 
 Providing incentives to supply chain actors to cooperate in order to 
achieve higher flexibility for the overall network. 
 
Moreover, Lun (2011) argued that ports can enjoy further opportunities for 
achieving a competitive advantage from continual environmental and 
organisational improvement, in that Environmental Management Practices 
(EMP) can offer an excellent opportunity to jointly assess all aspects of firm’s 
operations for minimising environmental harms (Shrivastava, 1995) and help 
achieve greater operational efficiency (Porter and van der Linde, 1995; 
Welford, 1992). Accordingly, ports can also enhance their sustainability by 
improving operational effectiveness (Taneja et al., 2012; UNCTAD, 2011; 
Hakam and Solvang, 2009; Cheon, 2007; Neufville, 2006; Greden, 2005). 
Gupta and Benson (2011) analysed these growing sustainability initiatives to 
explain how such practices can be a source of their unique position that 
allows them to outperform competitor consistently in a port through the lens 
of corporate strategy principles. The suggested three influential contributors 
to operational effectiveness are (Gupta and Benson, 2011:123-125):     
 Leveraging sustainability to improve “Operational Effectiveness”: 
benefits related to firm’s operational effectiveness including efficient 
use of resources, cost saving from waste reduction, and the 
advantage of sustainable SCM; strategic benefits of sustainability 
that help to differentiate the products and processes through 
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innovation, improved positioning, and strategic “fit”, requiring a 
deeper integration within a firm, 
  
 Improving Operational Effectiveness through Eco-efficiency: 
simultaneously reducing the ecological impact and use of resource 
while producing and delivering goods; the opportunity costs 
represented by pollution and waste streams generated in business 
processes (e.g. wasted resource, wasted effort, additional abatement 
and disposal steps, potential health and safety liabilities, and 
diminished product value to the customer (Porter and van der Linde, 
1995),  
 
 Improving Operational Effectiveness through sustainable SCM: a 
significant source of improved operational effectiveness 
(Rosenbloom, 2010); additional benefits by coordinating with 
suppliers and customers in an effort to implement interconnected 
cost savings and efficiencies across a large sustainable supply chain 
(Mefford, 2011; Wilkerson, 2005).  
 
Therefore, environmentally friendly technologies and management can be 
considered as new process innovation accompanying long-term operational 
viability (Porter and van der Linde, 1995). Such innovations allow ports to use 
a range of inputs more productively and to lead to a more effective value 
chain of organisation implying resource productivity, abiding by 
environmental law and regulations. This enhanced resource productivity 
makes companies more competitive and sustainable (Porter and van der 
Linde, 1995), reducing the negative effect on the natural environment 
(Shrivastava, 1995).  
 
Continuous monitoring and upgrading 
 
Sustainability in a port means a continual process of improvement in all 
parties of port activities. With increasing awareness about the multiple 
environmental problems related to port activities in and around ports, ports 
need to effectively respond to stakeholder concerns and to communicate the 
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result achieved (Dinwoodie et al., 2012) because ports must constantly find 
innovative solutions to respond to pressures including competitors, 
customers, and regulators. Therefore, the role of a port also includes 
developing an accessible generic business process framework for existing 
and new facilities, measuring and reporting on continuous improvement in 
environmental performance, and addressing community concerns (human 
health, environment and quality of life).    
The ESPO Green Guide (2012) has identified the importance of continual 
environmental monitoring and improvement, which helps ports to be 
sustainable, and the upward trend for commercial ports to produce an 
environmental policy and establish activities and procedures to manage their 
environmental risks, in a survey which reviewed environmental management 
processes in Europe between 1996 and 2012. According to ESPO (2012), 
around 73% of the port authorities in Europe in 2012 have an environmental 
policy, which aims to improve environmental standards beyond those 
required under legislation, and 80% of those have carried out environmental 
monitoring in a port.  
It is recognised that environmental monitoring in ports can enhance 
sustainability attributes through addressing the growing environmental and 
social concerns. Accordingly, some tools (see Table 3.1) to assist ports to 
managing environmental risk and improving their performance have been 
introduced. These tools, a formal system to proactively manage the 
environmental footprint of a port, provide a guideline and strategic advice for 
environmental management that can assist ports to demonstrate their 
commitment with the protection of the natural environment based on three 
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principles: pollution prevention; continuous improvement; and voluntary 
participation (Dinwoodie et al., 2012; Murillo-Luna and Ramon-Solans-Prat, 
2008; Bansal and Hunter, 2003). Dinwoodie et al. (2012) argued that ports 
can mitigate potential environmental risks and manage sustainable 
development of maritime operations through an accessible generic business 
process framework, highlighting the importance of educational dimensions, 
commercial missions and stakeholder engagement for sustainable 
development of maritime operations in ports.     
Table 3.1 Tools to assist environmental management in ports  
Initiative Aims to: Implementation 
 
Self-diagnosis 
(SDM) 
 
Identify environmental risks and help 
agenda for action and compliance 
 
Completing check list, 
EcoPorts guidance, and  
strategic advice 
 
Port 
environmental 
review system 
(PERS) 
 
Assist ports to carry out EMS for 
raising their effectiveness 
Offering independent 
review including 
guidelines and example 
documents 
 
Strategic 
overview of 
environmental 
aspects 
(SOSEA) 
Identify important environmental 
aspects from port operations; 
develop guidance to port operations 
for enhancing long-term viability and 
increase environmental awareness 
 
Indicating to EcoPorts for 
each significant aspect 
further questions on 
management and actions 
taken 
 
 
ISO 14001 
Encourage  ports to adapt EMS; 
promote continual improvements, 
assist systematic development and 
evaluate effectiveness of port 
activities in or around 
 
Assisting risk 
management, continuous 
monitoring  for 
systematic development  
Eco-
management 
scheme and 
audit scheme 
(EMAS) 
Identify significant environmental 
aspects and related risk; achieve 
scale economies 
Preparing an 
environmental review 
and statement, providing 
standardised procedures 
for multi-site applications 
Source: Dinwoodie et al. (2012:113) 
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Active participations and cooperation 
 
A large number of stakeholders engaged play a significant role in the 
governance of the port cluster, having a huge impact on port operations 
(Winkelmans and Notteboom, 2007). Sarkisa et al. (2010) proved that the 
increased stakeholder pressures in environmental management significantly 
affect the adoption of sustainability practices. Therefore, ports should 
effectively coordinate and cooperate with them in order to respond to the 
increased pressures of all sorts of stakeholders including competitors, 
customers, and regulators (Dinwoodie et al., 2012). As visibility to achieve 
sustainability in ports, many papers maintained that the sustainability of ports 
depends on the sustainability of its stakeholder’s relationship which can be 
achieved through active engagement of all stakeholders of the port 
infrastructure (Cheon and Deakin, 2010; Winkelmans and Notteboom, 2007; 
Perrini and Tencati, 2006).    
Improved stakeholders engagement and communication are an important 
aspect for achieving long-term sustainability in ports. They assist ports to 
respond quickly to stakeholder expectations and a changing environment, as 
well as continuing to improve the operational performance of their business 
and distribution network over a long period of time sustainability with higher 
operational efficiency and service differentiation (Cheon and Deakin, 2010; 
Perrini and Tencati, 2006).  
Sarkisa et al. (2010) and Cheon and Deakin (2010) argued that port 
authorities and other stakeholders including industries, governments, and 
commodity groups should coordinate and work together to achieve port 
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sustainability, emphasising coordinated activities and collaboration, which are 
crucial to carry out a sustainable model of seaports and cargo movement 
services because of the complex organisational and technical structure of 
ports, particularly in order to manage the ever-increasing competitive 
environment and enhance overall competitiveness (Hwang and Chiang, 
2010).  
On the other hand, stakeholder pressures on sustainability practices from 
internal stakeholders (e.g. employees, tenants and manager) may differ from 
external stakeholder pressures (Sarkisa et al., 2010), in which employee 
participation is defined as “enthusiasm for work” and “satisfaction with work” 
(Harter et al, 2002).  Comtois and Slack (2007) emphasised the importance 
of employee participation, in that the employees are important and proactive 
actors in the environmental management initiative in a port, and many papers 
illustrate that sustainability can result from employee participation in 
environmental management (Sarkisa et al., 2010; Daily and Huang, 2001).  
All sorts of internal stakeholders including employees, tenants, and 
managers will require training and education in order to be competent in their 
work and improve environmental awareness for long-term sustainability in 
ports (Pyne et al., 2007). Comtois and Slack, (2007), therefore, highlighted 
training/education of employees for sustainable port operations. They argued 
that employee engagement not only helps to achieve low environmental 
impacts on operations and encourage cost saving by reducing resource 
consumption (eco-efficiency), but also has the potential to enhance the port’s 
‘Green’ image, which is a competitive attribute within the shipping industry. In 
addition, sustainability practices for education and training help to gain the 
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potential benefits of providing a specific “port sustainability strategy” through 
improving environmental awareness, knowledge, skills, and motivations 
towards the eco-friendly management (UNCTAD, 2011; Sarkisa et al., 2010; 
Comtois and Slack, 2007; Pyne et al., 2007).  
 
Attributes of sustainability practice 
Considering diverse perspectives including operational, environmental and 
relational aspects, this study extracted four critical attributes of sustainability 
practice in port operations. The attributes include: 
 Environmental technologies: Equipment, methods and procedures, 
and delivery mechanisms that improves energy, cost, and resource 
efficiency (Yang et al., 2013; Dinwoodie et al., 2012; Lun, 2011; 
Cheon and Deakin, 2010; Murillo-Luna and Ramon-Solans-Prat, 2008; 
Porter and van der Linde, 1995; Shrivastava, 1995),  
 
 Monitoring and upgrading: A continual process of improvement in all 
parties of port activities (Dinwoodie et al., 2012; Cheon and Deakin, 
2010; Murillo-Luna and Ramon-Solans-Prat,  2008), 
 
 Internal strength: Internal strength through operational, managerial 
and organisational improvements (Dinwoodie et al., 2012; Cheon and 
Deakin, 2010; Barney, 1995), and 
 
 Communication and cooperation: Effectively coordinate and 
cooperate with stakeholders including competitors, customers, and 
regulators (Yang et al., 2013; Dinwoodie et al., 2012; Lun, 2011; 
Sarkisa et al., 2010; Cheon and Deakin, 2010).  
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3.3 Megaport competitiveness 
3.3.1 The concept of megaport competitiveness 
 
According to business dictionary (2014), competitiveness is defined as “the 
ability to offer products and services that meet the quality standards of the 
local and world markets at prices that are competitive and provide adequate 
returns on the resources employed or consumed in producing them”.  
In the context of port operations, to provide a definition and to formulate a 
conceptual framework of competitiveness, prior studies on port 
competitiveness reviewed the relevant literature such as  port competition 
(Yap et al, 2006; Perez-Labajos and Blanco, 2004; Veldman and Buckmann, 
2003; van der Voorde and Winkelmans, 2002), port selection (Chou, 2006; 
Malchow and Kanafani, 2004; Lim et al., 2003), port efficiency (Cullinane and 
Wang,  2010; Blonigen and Wilson, 2008; Cullinane et al., 2006, 2002), port 
performance (Talley, 2007; Bichou, 2006; Stank et al., 2003) and port service 
(Pallis and Vaggelas, 2005; Ha, 2003). The widely reviewed six categories 
were (Yeo et al., 2011:68):   
 Port Competition 
- Determinants: costs, quality of service, technology used, 
location, throughput, port network, and attraction of 
transhipment cargos. 
 
 Port Selection 
- The category for port selection is very similar and important 
factors with port competition 
- Determinants: location, management, cost, frequency of 
calling, time spent in port, and congestion. 
 
 Port Efficiency 
- The previous studies has given emphasis to a port’s time 
efficiency and the productivity of terminals 
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 Port Performance 
- The emphasis lies on the performance of operation, assets 
and finance 
 
 Port Service 
- The important factors for the port service are in line with 
those of port competition 
 
 Other port related Issues  
- Port policy, globalisation and the bargaining power of 
shipping companies were regarded as the most important 
factors  
 
Yeo (2007) pointed out that six categories overlapped each other to a great 
extent. Through synthesising the six categories to fully review it for providing 
the concept, he concluded that “the main categories of port competitiveness 
can be identified as ‘Port competition’ and ‘Port Selection’ (Yeo et al., 
2011:68). Therefore, based on prior studies on port competitiveness (Yeo et 
al. 2013, 2011, 2008, 2007) and port competition among hub ports to be a 
regional gateway (Low et al., 2009; Hsu and Hsieh, 2005), the concept of 
mega port competitiveness in this study are defined as ‘the competitive 
abilities to invite ships and cargos in order to be a regional gateway in port 
competition between mega ports’.    
In terms of determinants of port competitiveness, although academic 
literature on port competitiveness identified varying analytical dimensions that 
influence port competitiveness, they do not indicate or identify the significant 
factors that influence competitive position in regional port competition striving 
to be a regional gateway among hub ports recently featured in NEA, namely, 
prior studies on port competitiveness and a mega port operations were 
separately performed. To analyse the determinants of mega port 
competitiveness, prior studies on port competitiveness and a mega port 
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operations as a regional gateway were reviewed. The following sections 
present a summary of reviews on port competitiveness and mega port 
operations to be a regional gateway, separately.  
 
3.3.2 Port competitiveness 
 
The study on port competitiveness has prominently been increased from the 
1980s. For the last few decades, prior studies on port competitiveness have 
identified a variety of determinants of port competitiveness. With the changes 
of business environment, key factors influencing port competitiveness have 
also changed. This means, to evaluate port competitiveness, its determinants 
must reflect the change of the business environment and new dimensions 
should be identified and established (Yeo and Song, 2006). To understand 
the change of the need for port competitiveness, at first, this section 
chronologically reviewed the determinants of port competitiveness and 
analysed it to apply to mega port competition.    
 
Focus on port facilities/costs in the 1980s 
 
Academic literature on port selection in the 1980s identifies varying analytical 
dimensions and the main factors determining port competitiveness. Prior 
studies on port choice in the 1980s (see e.g. Murphy 1989, 1988; Bird and 
Bland, 1988; Branch, 1986; Slack, 1985; Gray, 1982; Willing, 1981; French 
1979) have listed key factors influencing decision-making of port choice and 
competitiveness, highlighting the importance of availability, service quality, 
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and costs (handling charges) as the evaluation criteria determining port 
selection in early stage. The suggested key factors were: 
 Route factors: Frequency (number of sailings); capacity (port facilities 
and equipment); convenience; transit time; and accessibility,  
 
 Cost factors: Port charges and fee; costs (THC/ inland/ etc.), and 
 
 Service factors: Delays; reliability; avoidance of damage, loss and 
theft; connectivity inland network.  
 
Focus on port reforms in the 1990s  
Research on port competitiveness in the 1990s featured more evaluation 
criteria including port location, stability of social/political and traffic 
volume/throughput (Murphy and Daley, 1994; Murphy et al., 1992; UNCTAD, 
1992; Frankel, 1992).  
Table 3.2 Determinants of port competitiveness in the 1990s 
Year Source Evaluation criteria 
 
 
 
 
 
 
 
 
1990s 
 
 
 
 
Murphy and Hall (1995), 
Tabernacle (1995), 
Tongzon (1994), 
Fleming and Hayuth (1994), 
Murphy and Daley (1994), 
UNCTAD  (1992), 
Frankel (1992), 
Murphy et al. (1992), 
 
- Port facilities/equipment 
- Costs (THC/inland/etc.)  
- Service quality  
- Transit time  
- Frequency of sailing/loss/damage  
- Connectivity inland network 
- Stability of social/political 
- Economic size ( market/ hinterland) 
- Liner companies revenues 
- Fleet size/employment  
- Cargo volume 
- Large volume shipments assistance in 
claims handling,  
- Flexibility in meeting special handling 
requirements 
- Shipment information 
- Claims handling ability 
- Special handling ability large odd-sized 
freight location 
Source: tabulated by author  
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Specifically, there has been a gradual change in the relative importance of 
the determinants of port choice and competitiveness so as to include quality 
of services (Murphy and Daley, 1994; Murphy et al., 1992). As mentioned by 
Acosta et al., (2011), “several studies conclude that users are willing to 
accept higher costs in exchange for higher quality of services”. Murphy and 
Hall (1995) emphasised that quality is more important than the cost of the 
service. Additionally, in the study of Murphy et al. (1992), service factors such 
as handling skills for non-standardised cargo and a large quantity of cargo 
have been more emphasised than his work in 1988. Furthermore, Fleming 
and Hayuth (1994) argued geographical location is a vital factor to explain a 
port’s competitive success. Tabernacle (1995) was very emphatic on the 
importance of faster turnaround time within the port, and noted that crane 
productivity in plays an important role in enhancing port performance. 
Especially, to evaluate the overall port productivity, Tongzon (1994) 
suggested six factors labelled as “location”, “frequency of ship calls”, 
“economic activity within the sector”, “labour and capital productivity and work 
practices within a port”. Furthermore, he attempted to identify and empirically 
examine the various factors influencing the performance and efficiency of a 
port based on a sample of 23 international ports, and identified terminal 
efficiency relative to other factors played a crucial role in overall port 
performance. The named determinants of terminal efficiency include 
(Tongzon, 1994, p. 248): 
 Container mix 
- The proportion of 40-foot and 20-foot container   
 
 Work practices 
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- Delays in commencing and during stevedoring (the cause of 
inefficiency) 
 
 Crane efficiency 
- Crane hours per working hour and effectiveness of crane operation 
 
 Vessel size and cargo exchange (economies of scale) 
- Containers loaded plus containers unloaded per ship, number of 
cranes 
 
To improve the competitiveness of a port, each country stimulated its port 
industry to accommodate more diversified demands through improving and 
expanding port facilities and services, paying attention to port reform. Since 
the late 1980s and early 1990s, attention to port policy reforms has increased. 
It has resulted in many countries adopting port policy reform.  
According to the World Bank report in 2001, the private investment recorded 
a total of $12 billion in numerous port projects during the 1990s, as well as 
led a substantial investment increase from $10 Million in 1991 to $4.3 billion 
in 1997. As mentioned from Cheon et al. (2010, p547), “the momentum for 
these reforms was the rise of a new age of globalisation and the resulting 
global competition in the port sectors”.  
Cheon et al. (2010) evaluated the impacts of institutional reforms on port 
efficiency changes from1991 to 2004, particularly port ownership, corporate 
structure, and total factor productivity changes of world container ports. They 
constructed a panel data for port ownership, corporate structure, and port 
inputs and outputs for 98 major world ports, and employed a Malmquist 
Productivity Index model to analyse the reasons for efficiency and the lack of 
it. As result of it, they found that the restructuring can induce optimised 
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operation of container terminals, particularly for large ports, and ownership 
restructuring contributes to total factor productivity gains.  
 
Focus on strategic development after the 2000s 
 
1) High quality services and effective port/terminal operation  
Yeo and Song (2006, p411) mentioned “the high quality of logistics services 
and the effective and efficient integration of transport systems offered by a 
port have become an important issue. The world mega ports (i.e., Hong Kong 
and Singapore) have already regarded the trend as a key area to support 
their long-term vision. The trend does inevitably create a new dimension of 
competition”.  
Yeo and Song (2006) attempted to empirically evaluate the port 
competitiveness and service quality of ports in Northeast and Southeast Asia, 
examining the components and factors influencing the competitive edge 
under the framework named the Hierarchical Fuzzy Process for the first time 
in its kind in the port industry. Yeo et al. (2011) also analysed the factors 
influencing container port competitiveness in NEA from logisticians’ 
perspectives, employing the Fuzzy methodology to evaluate port 
competitiveness based on the expert judgments of logisticians. Yeo et al. 
(2011, 2008) and Yeo (2007) provides 38 container port competitiveness 
indicators from literature reviews between 1980- 1996 and they extracted 7 
categories,18 key components, from the survey to eliminate the less 
important determinants,  suggested were (Yeo et al., 2011:457 and Yeo 
2007:72):   
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 Port services 
- Determinants: ‘prompt response’, ‘24 hours a day/seven days a 
week service’ and ‘zero waiting time service’ 
  
 Hinterland condition 
- Determinants: ‘professionals and skilled labour in port operation’, 
‘size/activity of Free Trade Zone (FTZ) in port hinterland’ and 
‘volume of total container cargos’ 
 
 Availability  
- Determinants: ‘availability of vessel berth on arrival in port’ and 
‘port congestion’ 
 
 Convenience 
- Determinants: ‘water depth in approach channels and at berth’, 
‘sophistication of port information’ and ‘its application and the 
stability of port labour’ 
 
 Logistic costs 
- Determinants: ‘inland transportation cost’, ‘costs related to vessels 
and cargos entering port’ and ‘free dwell time on the terminal’  
 
 Regional centre 
- Determinants: ‘deviation from main trunk route’ and ‘port 
accessibility’ 
 
 Connectivity 
- Determinants: ‘land distance/connectivity to major shippers’ and 
‘an efficient inland transport network’ 
 
Furthermore, Tongzon (2004) suggested eight key determinants that are 
required for a successful logistics hub based on the case study of Singapore 
in order to analyse the competitiveness in port industry. This study found that 
the selection preferences of carriers and shippers, operational efficiency 
(port/terminal), and adaptability are the key factors required to be a logistics 
hub. These factors relative to other factors play a significant role in 
determining competitiveness in the port industry and suggested the following 
eight factor groups (Tongzon, 2004, p.3):   
 Port (terminal) operation efficiency level 
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- Port productivity is determined by the efficiency of port or 
terminal operation. The higher the efficiency level, the more 
port users might choose it as their port of call  
 
 Port cargo handling charges 
- Port charges are a significant part of total transportation costs 
and have become a major source to cut down total 
transportation costs. The lower charges with holding other 
factors constant will provide more competitive position than 
other competitors 
 
 Reliability 
- Reliability of port operation is one important factor influencing 
port performance and a means to a steady and predictable 
performance. To avoid unexpected huge losses due to 
unreliability such as delays due to strikes, equipment broken, 
weather, etc… 
 
 Port selection preference of carriers and shippers 
- This variable is not fully correlated to port specific variables 
such as efficiency and reliability because it is beyond the 
control of the service provider including government authorities 
and operators (e.g. low loyalty to specific ports) 
 
 The depth of the navigation channel 
- To accommodate trade growth/large-sized ship and offer 
economies of scale Insufficient water depths in access 
channels prevent some ports from being a transhipment hub 
 
 Adaptability to the changing market environment 
- Ports must constantly be prepared to adapt to the changing 
environment (e.g. door to-door system and just-in-time) 
 
 Landside accessibility 
- Efficiency of inland transport and hinterland connection has 
become a critical factor of a port’s potential future to evaluate 
port selection option, quick and safe access to port facilities 
from an inland transport system is a basic requirement for port 
users 
 
 Product differentiation 
- A differentiation strategy to provide specific port service and 
offer great value to the port users (economies of scope) ,in that 
although the total number of containers is continually going up, 
it is difficult to expand terminals   
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2) Hinterland development as a strategic base of logistics activities 
de Langen (2007:1) mentioned that “port services are no longer provided in 
isolation, but need to fit into door-to-door supply chains”. With 
containerization, the geographical coverage of ports has increased 
dramatically. The scale and the scope of a port have increased. The 
extended reach of a port invites an integrated transport system and an 
automated cargo handling system for improving port efficiency and 
productivity. To accompany the growing scale of ports, the role and 
mechanism of port hinterland as well has transformed from a gateway for 
shipping elsewhere to a strategic position which can perform various services 
to meet high demands of port users.  
Academic literature on port competitiveness identifies port hinterland as a 
strategic base of logistics activities and the main factors that influence port 
competitiveness: see, e.g., Yeo (2007); Guy and Urli (2006); Song and Yeo 
(2004); Malchow and Kanafani (2001); Murphy et al. (1994, 1992). It is widely 
accepted that port hinterland is one of the most important concepts in the 
shipping industry, in that various economic activities such as value-adding 
logistics, intermodal transports and maintenance and repair have been 
implemented in port hinterlands. In the past, ports, for instance, functioned as 
a gateway for loading and unloading but currently ports have to perform a 
variety of roles such as a transfer system, a storage system and an 
intermodal platform system (Notteboom and Rodrigue, 2008). What is more, 
as a gateway, the area within the geographical reach of a port has been 
extended by the emergence of intermodal rail and barge corridors, so that the 
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meaning of port hinterland is ambiguous and dependent on stakeholder 
interests.  
A particularly relevant concept for a strategic approach is the extended gate, 
discussed by van Klink (2001) and more recently by Notteboom and 
Rodrigue (2005) and Van den Berg and de Langen (2011). The concept of 
“port hinterland” presents a new stage of integration that holds significant 
potential for port activities. The increasing vertical integration in the supply 
chain is a key issue of port hinterland development (Notteboom, 2008; 
Heaver et al. 2001). It is more concentrated on terminal operation rather than 
the port (Slack, 2007; Konings, 1996), and the subsequent focus on the 
inland logistics activities of the port (Parola and Sciomachen, 2009; Bichou 
and Gray, 2004), leading to the inevitable focus on inland terminals. 
Port hinterland, especially, has become a critical component for linking more 
efficiently elements of the supply chain, that is, to meet the high demands of 
consignees in terms of availability, time in freight distribution, and shipping 
costs (Hesse and Rodrigue, 2004). Port authorities, therefore, focus on the 
development of the port area, especially, port hinterland. As interest grows, 
port authorities, strategically, invest a lot of money in the development of port 
capacity and port infrastructure (van den Berg and de Langen, 2011). In 
accord with this trend, a shift in focus, towards a supply chain perspective 
has been started in which academics view port hinterlands as a strategic 
position in the shipping industry (Robinson, 2002).  
Based on a supply chain perspective, van der Horst and de Langen, (2008) 
argue that port authorities need to enlarge their scope of port hinterland and 
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contribute to the connection between the port and its hinterland. It is because 
hinterland costs including inventory costs and shipping costs and others are 
the largest part of total door-to-door costs (Notteboom and Rodrigue, 2005; 
Fleming and Baird, 1999). Therefore, efficient hinterland access is the most 
crucial determinant of port competitiveness (van den Berg and de Langen, 
2011).  
Rodrigue and Notteboom (2009) stressed that the increased attention on 
hinterland transport leads to more focus on intermodal transport. As a result 
of high attention, various participators in international door-to-door chains, 
such as port authorities, shipping companies and others, develop strategies 
to strengthen the intermodal network in the port hinterland. 
In this literature a trend may be observed towards using port hinterland to 
strengthen the competitiveness of the sea port. The role of a port has 
transformed from a monopoly to a node in the logistics chain (Robinson, 
2002), and mechanism of the transport chain has changed. Ports, therefore, 
need to be active in extending or maintaining their hinterlands (Notteboom 
and Rodrigue, 2005; McCalla, 1999; van Klink and van den Berg, 1998).  
However, in-depth studies of participators on port activities to improve their 
competitive position in the hinterland do not exist (van den Berg and de 
Langen, 2011). 
Lastly, port hinterlands have been transformed from captive district to 
contestable area (see e.g. de Langen and Chouly, 2004). The port’s role has 
transformed from a monopoly to a node in the logistics chain. The port 
hinterland can be defined as a strategic base of logistics activities, in that it is 
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the main factor that influences port selection and efficient hinterland access 
is the key determinant of port competitiveness (van den Berg and de Langen, 
2011).  
4) Port centric logistics  
Tongzon (2004) analysed the determinants of competitiveness in logistics 
and provided key factors required for a successful logistics hub in NEA. He 
proposed eight key factors of competitiveness in logistics. These 
determinants include “port (terminal) operation efficiency level”, “port cargo 
handling charges”, “reliability”, “port selection preference of carriers and 
shippers”, “the depth of the navigation channel”, “adaptability to the changing 
market environment”, “landside accessibility and product (service) 
differentiation”. However, most of determinants seem to overlap to key 
factors determining port competitiveness (Yeo et al. 2008). Logistics 
competitiveness, therefore, would be considered as one part of port 
competitiveness in terms of port centric logistics (Mangan et al., 2008).   
On the other hand, with rapid development of the economy and trade in 
China, recently, many studies of port logistics competitiveness have been 
conducted in China and have given great emphasis to “the supply chain 
management approach as the new paradigm for the definition of port 
competitiveness (De Martino and Morvillo 2008:571)”. It is developed from 
the research of port competitiveness to reflect the change of business 
environment and new approach to deal with the competition that ports face 
within the logistics chain of transport, and the key factors influencing port 
competitiveness, from another angle. As mentioned by Yeo and Song 
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(2006:411), “the high quality of logistics services and the effective and 
efficient integration of transport systems offed by a port have become an 
important issue in intensified competition environment of Northeast Asia”. 
As stated by Quanyong (2011:3), that “From the perspective of international 
trade, port logistics competitiveness refers to the fact that a port is capable of 
more efficient and more quality services than its competitors in logistics 
operation process”. Many researchers suggested key factors determining 
port logistics competitiveness: see, e.g., Quanyong (2011); Wei et al. (2007); 
Yan and Gang (2007). The standalone physical attributes of a port logistics 
were considered as the primary factors when assessing the competitiveness 
of port logistics, but seemed to overlap with the determinants of port 
competitiveness, such as:   
 Logistics operating condition, 
 
 Logistics infrastructure, 
 
 Macro-environment of port, 
 
 Throughput capacity, 
 
 Efficiency and service level of port logistics, and 
 
 Port capacity for sustainable development. 
 
Consequently, from the increase of many recent studies of port logistics 
competitiveness carried out in China, it appears that the quality of logistics 
services and the effective and efficient integration of transport systems play a 
significant role in creating and improving today’s port competitiveness and 
attention to port competitiveness moves into integrated mechanisms such as 
port logistics competitiveness.    
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3.3.3 Mega container port operations as a regional gateway port  
 
As discussed in section 2.2.4, new hub-and-spoke networks have been 
featured in NEA. In new hub-and-spoke networks, mega container ports are 
striving to be a regional gateway port in NEA. A regional gateway port is 
considered as a significant component of the local economy and economic 
cooperation with its surrounding areas, integrating the overall production and 
distribution systems (Low et al., 2009; Hall, 2007). In order to be a regional 
gateway, ports aspire to broaden their sphere of influence from a sea-shore 
interface to a comprehensive port which boosts global or major regional trade 
and the local economy (Wang and Cheng, 2010). As economies of scale of 
mega-container ship operations are influenced by technical and economic 
feasibility (Stopford, 2009), the critical issues on mega port operations are 
closely connected with: physical capacities including water depth, berths and 
approach channels (van Ham, 2005); the proper economic conditions such 
as sustainable cargo creation based on local economy (Ishii et al., 2013; 
Notteboom and Rodrigue, 2008) and attractiveness  to invite shipping liners 
in mainlines and feeder markets (Yeo et al., 2011). 
As revealed by Low et al. (2009), scale economies and port efficiency are the 
most important dimensions in determining a port’s success as a regional 
gateway. Prior studies on mega container port operations, therefore, aimed 
to identify economies of scale in megaport operations from both a 
concentration of container traffic and port efficiency (Low et al., 2009).  
In terms of port location, geographic location plays a significant role in port 
competition striving to be a regional gateway. The ports located on the main 
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trunk route have a priority in terms of intermediacy (connectivity). However, 
hub ports must also have a centricity determined by economic size such as a 
market niche and hinterland conditions (Wilmsmeier and Notteboom, 2009), 
as Chinese ports occupied a high position in the world port ranking. Superior 
centricity and intermediacy lead to more calls at the port and benefits for 
intermodal transport, utilisation of service facilities related to port and cargo 
consolidation and related services which benefit from economies of scale.  
As regards terminal operation, any delay at the berth or the terminal has 
negative economic and financial implications (Imai et al., 2013). Efficient 
terminal operation is one important factor for accommodating mega container 
ships. Their efficient and speedy handling at the terminal directly influences 
the transit time and operational costs of mega ships (Stopford, 2009). 
Therefore, economies of scale for mega ships are highly dependent on 
terminal efficiency. Then again, Imai et al. (2013) indicated that handling 
efficiency of mega ships is evaluated by the handling time while other ships’ 
efficiency is determined by handling time plus waiting time (service time). 
They argued that an efficient ship handing service in container terminal is 
particularly important to avoid the complexities of berthing small ships in 
terms of total service time because a mega-ship has a priority at the berth.  
With respect to the roles and responsibility of a regional gateway port, with 
enlargement of scale, ports contribute to global or major regional trade and 
the local economy. Therefore, ports, as an economic catalyst for revenue and 
employment (Feng et al., 2012) and with a central position in industries 
related to international trade (Notteboom and Rodrigue, 2008), are required 
to perform as a significant component of the local economy and economic 
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cooperation with its surrounding areas (Wang and Cheng, 2010). As a result, 
in order to provide multi-functional services required and growth for their host 
city, the requirements for the major ports include the need to promote a 
balance between the valuable land, labour and technology, as well as the 
harmony between growth and the environment (Hall, 2007). However, during 
the last few decades, prior studies on port competitiveness were highly 
focused on evaluating the ranking of ports. It seems to be that studies are 
falling behind in terms of corresponding to the changes in the business 
environment, and overlooking two very important points in terms of ports’ 
regionalisation (Ducruet and Lugo, 2013; Notteboom and Rodrigue, 2008; 
Hall, 2007; Frémont and Ducruet, 2005): the opportunity and challenge of 
port expansion; and the expanded port functions incorporating 
industrial/economic/social issues (Dinwoodie et al., 2012; Cheon and Deakin, 
2010; Wang and Cheng, 2010). Therefore, in order to be global trade hubs, 
the mega container ports must consider sustainable development strategies 
encompassing economic, social and environmental issues for future 
corporate growth with their business partners, performing the expanded port 
functions, as the ‘green growth’ strategies have been progressively framed in 
the port operation and development literature (Dinwoodie et al., 2012; Lun, 
2011; Adams et al., 2010; Cheon and Deakin, 2010).     
   
3.3.4 Determinants of megaport competitiveness 
 
Based on comprehensive literature reviews on port competitiveness and 
mega container port operations as a regional gateway this study carefully 
selected determinants of megaport competitiveness, as follows:  
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 Operational efficiency; operational efficiency in port operations is the 
key factor required to be a logistics hub (Tongzon, 2004). As faster 
turnaround time within the port is critical for megaport operations, a 
higher level of efficiency invites more port users to use a port as their 
port of call (Yeo et al, 2011; Tongzon, 2004). Besides, efficiency of 
inland transport and hinterland connection has become a critical factor 
in a port’s potential future to evaluate port competitiveness (Rodrigue 
and Notteboom, 2009). The world mega container ports (e.g. 
Shanghai and Busan) have already regarded the trend as a key factor 
to support their long-term vision (Yeo and Song, 2006). 
 
 Port availability; a regional gateway port is considered a significant 
component of the local economy and economic cooperation with its 
surrounding areas (Imai et al., 2013). Port availability as an 
international logistics hub incorporates physical and functional 
availability such as port facilities, hinterland development and 
economic size (Yeo et al, 2011; Tongzon, 2004). Therefore, 
megaports must have competitive capacities not only to accommodate 
mega container ships, but also to perform the expanded port functions 
as a comprehensive logistics centre which boosts global or major 
regional trade and the local economy, which strengthens hub status 
(Wang and Cheng, 2010).  
 
 Port costs; Lower port charges whilst holding other factors constant 
lead to a more competitive position (Yeo et al., 2011, 2008; Tongzon, 
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2004; Murphy 1989; Slack, 1985). Commonly, port costs including 
transport costs, port charges, cargo handling charges and port service 
costs are referred to as a significant factor for evaluating port 
competitiveness. Further, in this study, transhipment cost is also 
considered as a critical element for the cost factor in managing MPC 
because transhipment markets, with a feeder-and-hub relationship, 
keep close ties with port success in mega container port operations 
(Imai al., 2013).    
 
 Service quality; Ports must meet port users’ needs or expectations. 
Service quality presents the overall quality of service provided to users 
in a port area (Cho et al., 2010; Tongzon, 2009, 2004), and good 
service quality increases the reputation of the port and reliability of its 
services, thereby strengthening a port’s competitiveness (Yeo et al., 
2012). Further, port service quality positively affects customer 
satisfaction, loyalty, and referral intentions (Cho et al., 2010). 
Reliability of service performance, shipment safety and security, 
application of IT and EDI in operations, quick response to port user’s 
needs and service differentiation are categorised into the construct of 
service quality in managing MPC (Tongzon, 2009; Yeo et al., 2008).     
As suggested by Yeo et al. (2008), after eliminating overlapped and 
interrelated elements, twenty measurement items were selected to 
assess each determinant, as shown in Table 3.3. The selected 
components of port competitiveness are used to develop a questionnaire.  
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Table 3.3 Selected determinants of megaport competitiveness 
 Elements Reference 
 
Operational 
efficiency 
Terminal productivity Cullinane and Wang, 2010; Tongzon, 2009; Low et al., 2009; UNCTAD, 1992  
Low congestion in a port Imai et al., 2013 Yeo et al., 2011, 2008, 2007 
The speed of container cargo handling Imai et al., 2013; Tongzon, 2009; Stopord, 2009; Yeo et al., 2008  
Level of supply chain cooperation Panayides and Song, 2012; Cheon and Deakin, 2010; Low et al., 2009 
Simplification of procedure Yuen et al., 2012; Tongzon, 2009; UNCTAD, 1992 
 
 
 
 
Port availability 
Port physical capacity (e.g. draft, length 
and approach channel...) 
Kim, 2014; Panayides and Song, 2012; Yeo et al., 2011, 2008; De Langen, 
2007; Murphy et al., 1992, 1989; UNCTAD, 1992 
Proximity to the import/export area 
(Market niche) 
Ducruet and Lugo, 2013; Van den Berg and de Langen, 2011; de Langen, 
2007; Yeo et al., 2011, 2008;  
Port infrastructure and facilites 
utilisation 
Tongzon, 2009; Yeo et al., 2008; De Langen, 2007; Murphy and Daley, 1994 
Hinterland development Van den Berg and de Langen, 2011; Yeo et al., 2008; de Langen, 2007 
Preference of shipping liners 
(connectivity) 
Ducruet and Lugo, 2013; Veldman et al., 2013; Yeo et al., 2011, 2008; Low et 
al., 2009 
 
 
Port costs 
Total transport costs per container Ishii, 2013; Yuen et al., 2012; Tongzon, 2009; Yeo et al., 2008 
Trans-shipment costs Chang et al., 2013 ; Imai et al., 2013  
Port charges Ishii, 2013; Panayides and Song, 2012; Tongzon, 2009; Murphy et al., 1989 
Cargo handling charges Ishii, 2013; Yeo et al., 2013, 2012, 2008; Tongzon, 2009  
Port service costs Ishii, 2013; Yeo et al., 2013, 2012, 2008; Tongzon, 2009  
 
 
Service quality 
Reliability of service performance Yuen et al., 2012; Cho et al., 2010; Tongzon, 2009 
Shipment safety and security Yeo et al., 2013; Wang and Cheng, 2010; Cho et al., 2010  
Application of IT and EDI in operations Kim, 2014; Yuen et al., 2012; Chiang and Hwang, 2010; Yeo et al., 2008; 
Quick response to port user’s needs Kim, 2014; Cho et al., 2010; Tongzon, 2009; Yeo et al., 2013, 2008; 
Service differentiation Yuen et al., 2012; Chiang and Hwang, 2010; Cho et al., 2010 
Source: Tabulated by Author 
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3.4 Operational performance  
 
In order to analyse the impacts of sustainability practice on the relationship 
between competitiveness and operational performance, this section 
investigated operational performance as the outcomes of strategic objectives.  
Operational performance refers to how well an organisation and/or industry 
achieves its goals related to the accomplishment of strategic objectives (Lu et 
al., 2009; Hult et al., 2004). The short-term objectives of port operations can 
be primarily to reduce costs and time such as improving productivity, and 
reducing cargo handling and dwelling time (UNCTAD, 2013). Therefore, Chu 
et al., (2013) stated that “the performance of a port can be measured by 
productivity and efficiency”. In the same vein, prior studies evaluated 
productivity and efficiency based on port facilities and/or activities (e.g. 
Cullinane and Wang, 2010; Sanchez et al., 2003; Song and Cullinane 1999). 
However, as widely discussed in operational management literature, port 
performance would be to increase market share, customer satisfaction and 
profits for all members engaged in port operations in a long-term perspective 
(Montabon et al., 2007; Li et al., 2006; Rao and Holt, 2005; Stank et al., 
2003). Therefore, this section investigates and summaries operational 
performance incorporating financial and non-financial performance which is 
vital to port existence in a long-term perspective.    
 
3.4.1 Financial performance 
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Operational management literature reported that average financial 
performance is associated with average emphasis on a wide variety of 
operational competencies (Roberts and Grover, 2012; Lu et al., 2009; Li, 
2000). Moreover, financial metrics have provided a tool for comparing and 
evaluating organisation’s behaviour over time (Li et al., 2006). In a study of 
the relationship between competitiveness and performance, Lu et al. (2009) 
and Li (2000) reported that the financial performance is affected by 
operational competencies in a variety of ways. For example, when 
operational efficiency is improved as part of strategies to improve 
competitiveness, it results in better utilisation of facilities, higher productivity 
and reduces operation costs. Again when competitiveness of a port improves, 
this leads to improve revenue, profit and return on investment. Therefore, as 
demonstrated by many studies, a wide variety of operational competencies 
can be evaluated by the financial performance approach such as profit 
growth, growth rate in revenue and return on investment. Table 3.4 describes 
the financial indicators adopted by prior studies.  
Table 3.4 Financial performance 
Indicator Reference 
Profit growth 
Roberts and Grover, 2012; Lu et al., 2009; Li et 
al., 2006 ; Li, 2000; Christopher et al., 1997 
Growth rate in revenue 
Roberts and Grover, 2012; Lu et al., 2009; Li et 
al., 2006 ; Li, 2000; Christopher et al., 1997  
Return on investment 
Lu et al., 2009; Li et al., 2006 ; Hult et al., 2004; 
Li, 2000; Christopher et al., 1997 
Source: tabulated by author  
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However, an approach focused on financial performance is insufficient to 
successfully reflect non-financial aspects such as customer satisfaction and 
market share. In order to comprehensively evaluate operational performance, 
this study also considers non-financial aspects. Therefore, the following 
section investigates and summarises the non-financial performance 
approach.  
 
3.4.2 Non-financial performance 
 
According to operational management literature, non-financial performance 
incorporates market share (Roberts and Grover, 2012; Lu et al., 2009; Li et 
al., 2006) and customer satisfaction (Roberts and Grover, 2012; Pantouvakis 
et al., 2010; Lu et al., 2009; Li et al., 2006). Simmonds (1986) maintained 
that market share and competitive position are relevant, as market share is 
defending on competitive position. Therefore, as this study aimed to evaluate 
competitiveness based on multi-measurement items, market shares are 
appropriate as the outcomes of a competitive position, in that increasing 
market share is one of the most important objectives of business (Farris et al., 
2010). In addition, according to literature, the main advantage of using 
market share as a measure of operational performance in business is the fact 
that it is less dependent upon macro environmental variables such as the 
state of the economy (Roberts and Grover, 2012; Farris et al., 2010; Lu et al., 
2009). 
Moreover, as ports are categorised as service industry, customer’ satisfaction 
has been an important issue in port operations, which is a key differentiator 
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for service industries (Pantouvakis et al., 2010). Therefore, the need for a 
measure of perceived satisfaction has become crucial to evaluate 
performance in port operations. In addition, academics and practitioners have 
shown that satisfaction is connected with increasing customer loyalty and 
intentions to recommend them, as well as maintaining a long-term 
relationship (Cho et al., 2010).  
Therefore, customer satisfaction and market share were considered as non-
financial performance in this study.  
In sum, based on literature reviews, operational performance incorporating 
both financial and non-financial aspects was employed, as an independent 
variable, to analyse the influence of a dependent variable, competitiveness.   
 
3.5 Summary 
 
This chapter reviews the relevant theories and existing knowledge to develop 
a research model. At first, this study reviewed resource dependency theory. 
The theory revealed that operational sustainability can be achieved from 
successfully combining both internal corporate capabilities and external 
capabilities to overcome a lack of resource, indicating the need for 
sustainability practices. Additionally, it is identified that organisations and 
industries can achieve a sustainable competitive advantage from improving 
inimitability which is difficult to duplicate and imitate. In the following section, 
from reviewing diverse perspectives associated with sustainability practice, 
the concept and key attributes of sustainability practice were identified. Port 
competitiveness in mega container port operations (MPC) and operational 
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performance (OP) were investigated and summarised in this chapter. The 
identified attributes, key determinants, and indicators are utilised for further 
research in this study. The following chapter will present a research 
conceptual framework to achieve research objectives and a research model 
to examine the feasible relationships among sustainability practice, MPC and 
OP, investigating and selecting the variables to measure each construct. 
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CHAPTER 4: RESEARCH MODEL AND 
HYPOTHESES 
 
To construct a foundation of hypotheses development, the previous chapter 
reviewed the relevant theories and existing knowledge associated with 
research objectives. This chapter presents a research conceptual framework 
and a research model which hypothesises feasible relationships. Firstly, the 
research framework is conceptualised to achieve research objectives which 
aimed to examine the role of sustainability practice on the relationships 
between MPC and OP, based on NEA cases. The following section presents 
a research model hypothesising the relationships among constructs; 
sustainability practice, MPC and OP are utilised as moderator, independent 
and dependent variables, respectively. Lastly, the items to measure each 
construct are investigated and chosen to analyse the aforementioned 
feasible relationships.       
 
4.1 Research conceptual framework   
 
This study aims to examine the role of sustainability practice on the direct 
relationships between MPC and OP in mega container port operations, 
based on NEA. However, prior works linking sustainability practice and port 
operations were focused on Western centuries such as European ports and 
North American ports. Moreover, the attributes of sustainability practice were 
not directly discovered and verified within the unique structure of competition 
pertaining in NEA. Given the paucity of prior studies, whether the attributes 
identified from literature are applicable to NEA is critical for empirical 
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investigation which validates and generalises the findings in this research. To 
overcome the scarcity of prior studies, this study adopted a two-phase 
research design combining a preliminary field study through interviews and 
empirical investigation via a questionnaire survey.   
Firstly, preliminary field work is undertaken to understand the specific and 
general features of the regional ports against sustainability practice in 
European and North American ports, as well as to validate the attributes of 
them. Subsequently, to examine the feasible relationships among 
sustainability practice, MPC and OP in mega container port operations in 
NEA, empirical investigation through a questionnaire survey is performed. A 
combined-method design included face-to-face semi-structured interviews 
and a questionnaire survey. Justification and the details for the two-phase 
research design adopted are elaborated in chapter 5.   
As described in Figure 4.1, this study includes three main dimensions: 
sustainability practice, MPC, and OP, based on NEA. 
At first, the concept of sustainability practice is initially derived from the extant 
literature on sustainable port operations. Based on insights gained from the 
existing knowledge and interview results, the construct of sustainability 
practice in mega container port operations in NEA was conceptualised. 
Thereafter, based on literature, the constructs are operationalized for 
empirical investigation, which is the process of moving from the idea of 
sustainability practice to the set of questionnaire items that form a scale of 
sustainability practice.  
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Secondly, based on literature reviews on both port competitiveness and 
mega container port operations as a regional gateway, the structure of mega 
port competitiveness underlying four determinants was conceptualised (see 
Figure 4.1). The determinants include operational efficiency, port availability, 
port costs and service quality. The structure of MPC is statistically validated 
via empirical investigation among the mega container ports in NEA: Shanghai, 
Hong Kong and Busan. First, EFA (exploratory factor analysis) is conducted 
to clearly identify the four dimensions and eliminate potentially troublesome 
items in SPSS 21. Thereafter, this higher-order structure is validated again 
through a higher-order factor analysis in AMOS 21.         
Lastly, to measure how well ports achieve their business goals, operational 
performance is conceptualised with the five critical elements spanning 
financial and non-financial performance in mega container port operations.  
To examine the feasible relationships between the constructs, a research 
measurement model is developed. Reliability and validity of the model were 
evaluated through CFA (confirmatory factor analysis) in AMOS 21. Finally, 
employing a package of regression analysis in SPSS 21 including multiple 
regression and hierarchical moderator regression analysis, hypotheses were 
examined. In addition, to identify differences arising from the levels of 
implementing sustainability practice, an alternative subgroup analysis (a 
‘multi-sample’ approach) is performed, as suggested by Rigdon et al. (1998).   
Figure 4.1 describes a research conceptual framework. The research model 
hypothesising the role of sustainability practice on the relationship between 
competitiveness and performance are elaborated in the following section.    
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Figure 4.1 Research conceptual framework (Source: Author)  
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4.2 Research model and hypotheses 
 
This study aims to examine the role of sustainability practice, as a moderator, 
on the direct relationship between MPC and OP in mega container port 
operations in NEA. The presumed relationships amongst those variables are 
depicted in Figure 4.2.    
Research model for this study 
 
 
 
Figure 4.2 Research model (Source: Author) 
The above relationships can be examined by the hypotheses that follow.    
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4.2.1 Direct effect of competitiveness on operational performance 
 
As competitiveness is based on a competitive advantage compared to the 
major competitors, in order to be a regional gateway in mega container port 
competition, a port must have competitive capacities which generate 
competitive advantages (Barney, 1995; Porter, 1985). In the strategic 
management literature, competitive capabilities which insure business 
success are interpreted as core competences of organisations (Agha and 
Alrubaiee, 2012). prior studies on competitiveness revealed that competitive 
capabilities generated from tangible and intangible assets is a source of 
competitiveness which positively affects business performance (Arya and Lin, 
2007; Das and Teng, 1998). It is also demonstrated by Li (2000) that 
dominance in determinants of competitiveness leads to higher operational 
performance. In the same vein, the positive influence of sources of 
competitiveness on operational performance was confirmed in the port 
industries (Merk and Dang, 2012; Cullinane and Wang, 2010; Song and 
Cullinane, 1999). Based on prior studies on the relationships between 
sources of competitiveness and performance in the context of port operations, 
this study assumes that the determinants of megaport competitiveness can 
positively and significantly influence operational performance in MAPOs in 
NEA.  
However, it is claimed by Javidan (1998) that competitive capabilities 
generating a competitive advantage can be different for different industries 
because each industry has different types of resources to provide services 
and/or products in different business environments. In the same vein, diverse 
industries suggested different sources of competitiveness to identify the 
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relationships between competitiveness and performance (Arya and Lin, 
2007). 
Under consideration of different service types/routes of container port 
operations, this study has categorised determinants of MPC into four 
dimensions including operational efficiency, port availability, port costs and 
service quality (Imai al., 2013; Yeo et al., 2013, 2011; Tongzon, 2009, 2004). 
Further, in order to comprehensively understand the influence of the 
determinants of MPC on operational performance, performance in this study 
is conceptualised through incorporating both financial and nonfinancial 
aspects (Roberts and Grover, 2012; Lu et al., 2009). The hypotheses 
concerning the relationship between determinants of competitiveness and 
operational performance include:     
Hypothesis 1: Operational efficiency positively and significantly influences 
operational performance in mega port operations in Northeast Asia.  
 
Operational efficiency and operational performance: Operational 
efficiency in container port operations is not only an essential factor required 
to be a logistics hub (Tongzon, 2009), but also provides a basis for assessing 
the competitiveness in port operations (Cullinane and Wang, 2010). As 
quicker turnaround times in port are critical in mega container port operations, 
a higher level of efficiency invites more port users to use a port as their port 
of call (Imai et al., 2013; Yeo et al, 2011, 2008). Yeo and Song (2006) 
reported that the world mega container ports (i.e. Shanghai, Hong Kong, and 
Busan) have already regarded the trend as a key factor to support their long-
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term vision. Moreover, in the operational management literature, operational 
efficiency has long been hypothesized as a critical factor that significantly 
contributes to operational performance (Fethi and Pasiouras, 2010).  
 
Hypothesis 2: Port availability positively and significantly influences 
operational performance in mega port operations in Northeast Asia. 
 
Port availability and operational performance: A regional gateway port is 
a significant component of a local economy and cooperates economically 
with its surrounding areas (Imai et al., 2013). To become a regional gateway, 
ports must have capabilities to perform expanded port functions. Therefore, 
port availability as an international logistics hub incorporates physical and 
functional availability such as port facilities, hinterland development and 
economic size (Yeo et al., 2011, 2008; Low et al., 2009; Tongzon, 2009). As 
availability has long been hypothesized as an essential factor for operational 
performance (Malchin, and Daduna, 2010; Driedzic and Hart, 1984), this 
study hypothesises Port availability positively and significantly influences 
operational performance in mega port operations in Northeast Asia.  
 
Hypothesis 3: Port costs positively and significantly influence operational 
performance in mega port operations in Northeast Asia. 
 
Port costs and operational performance: Not only reduced costs underpin 
increased competitiveness (Ishii et al., 2013; Yeo et al., 2011), but also lower 
charges whilst holding other factors constant leads to a more competitive 
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position to invite shipping lines (Tongzon, 2009). In particular, price 
competitiveness is considered a critical factor which contributes to 
performance in international business (Huemer et al., 2013; Buckleya, 1988).  
 
Hypothesis 4: Service quality positively and significantly influences 
operational performance in mega port operations in Northeast Asia. 
 
 
Service quality and operational performance: Ports must meet users’ 
needs or expectations. Service quality represents the overall quality of 
service provided to users in a port area (Tongzon, 2009), and attaining it 
grows the reputation and reliability of ports (Yeo et al., 2011). In particular, as 
demonstrated by Cho et al. (2010), service quality in container port 
operations positively affects customer satisfaction, loyalty, and referral 
intentions (Cho et al., 2010). In the same vein, Yee et al. (2010) reported an 
empirically positive and significant relationship between service quality and 
operational performance in service industries.    
 
Based on the above hypotheses, the following hypothesis is assumed:  
 
Hypothesis 5: Port availability, operational efficiency, port costs and service 
quality jointly and significantly influence operational performance in mega 
port operations in Northeast Asia.  
 
  
 95  
 
4.2.2 Moderating effect of sustainability practice 
 
Sustainability practice incorporating economic, environmental, social and 
operational issues in port operations has become a central point of the 
strategic and operative management policies which achieve effective 
protection of the environment alongside economic growth, playing a very 
important role in achieving outstanding port activities, such as improvements 
in productivity, operational and resource efficiency, reliability and reputation 
(Dinwoodie et al., 2012; Lun, 2011; Adams et al., 2010; Cheon and Deakin, 
2010).  
Barney (1991) argued that a firm and industry can obtain sustainable 
competitive advantage from establishing and implementing strategies and 
practices that accelerate their internal strengths, only if they can respond to 
environmental opportunities and at the same time neutralise external threats 
and avoiding internal weakness. In the same vein, research efforts have 
identified various benefits of sustainability practice in diverse industries (Yang 
et al., 2013; Adams et al., 2010; Cheon and Deakin, 2010; Perrini and 
Tencati, 2006) including (1) cost saving and efficiency improvement, (2) 
quality improvement, (3) environmental impact prevention and minimisation, 
(4) health and safety, (5) enhanced employee motivation and satisfaction, (6) 
new market opportunities, (7) reputation and reliability, and (8) relationship 
improvements.  
In addition, the extant literature identified sustainability practices including 
green technologies, monitoring and upgrading, internal strengths, and 
communication and cooperation facilitates quick responses to stakeholder 
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expectations and a changing environment, as well as continuing operational 
performance of business (Dinwoodie et al., 2012; Adams et al., 2010; 
Shrivastava, 1995, Barney, 1991). Lun (2011) reported a linkage between 
sustainability practice (e.g. green practice) and the opportunities to achieve a 
competitive advantage that firms can improve their internal strength and 
achieve greater efficiencies through continual environmental and 
organisational improvement. Yang et al. (2013) ascertained the positive and 
significant effects of sustainability practices such as external cooperation with 
stakeholders and internal green practice on firms’ competitiveness in the 
context of container shipping. Further, the positive relationship between 
sustainability practices and firm financial performance was confirmed from 
various scholars in different industries (Zhu et al., 2004; Orlitzky et al., 2003; 
Wanger, M. and Schaltegger, 2003; Wanger et al., 2002; McGuire et al., 
1988).  
Besides, Adams et al. (2010) and Bacallan (2000) claimed that, through 
regulatory compliance, ports can improve their availability such as social 
licence to operate and motives leading a port entity to invest in them.  
As a consequence, this work assumes the role of sustainability practice as a 
moderator which can strengthen the relationship between competitiveness 
and performance in mega container port operations. Further, our focus is 
more on testing what specific routes are significantly moderated by 
sustainability practice on the relationships between the determinants of 
competitiveness and operational performance. Thus, to examine the 
moderating effect on individual relationships, the hypotheses include:     
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Hypothesis 6-(a): Sustainability practice in mega container port operations 
significantly moderates the relationships between operational efficiency and 
operational performance.  
Hypothesis 6-(b): Sustainability practice in mega container port operations 
significantly moderates the relationships between port availability and 
operational performance. 
 
Hypothesis 6-(c): Sustainability practice in mega container operations 
significantly moderates the relationships between port costs and operational 
performance. 
 
Hypothesis 6-(d): Sustainability practice in mega container port operations 
significantly moderates the relationships between service quality and 
operational performance. 
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4.3 Variables and the measurement 
4.3.1 Determinants of megaport competitiveness 
 
Recent studies which extracted the determinants of competitiveness in port 
operations revealed that competitiveness is comprehensively determined by 
considering diverse factors including both quantitative factors such as 
physical capacities, port costs and economic size and qualitative factors 
including service satisfactions, preference and reliability (Yeo et al., 2011, 
2008; Tongzon, 2009). However, many papers claimed difficulties not only to 
obtain secondary data for evaluating port competitiveness due to 
unavailability of data, confidentiality and corporate business secrets, but also 
to collect quantitative data for qualitative factors (Yeo et al., 2011; Ohashia et 
al., 2005; Sanchez et al, 2003). Due to these difficulties in obtaining data, 
prior studies on evaluating port competitiveness eliminated some factors, 
such as costs and service factors, for their analysis (Malchow and Kanafani, 
2004; Sanchez et al., 2003). However, Yeo et al. (2013, 2011, 2008) 
maintained that research on port competitiveness must fully utilise both 
quantitative and qualitative factors, which allows a comprehensive approach 
to evaluate port competitiveness. As employed by many prior studies, this 
can be demonstrated by subjective measurement which obtains quantitative 
data from experts’ knowledge and/or opinions (Bevilacqua and Petroni, 2002). 
Therefore, to overcome difficulties in collecting secondary data arising from 
unavailability of data, subjective measurements which ask respondents to 
tick (√) one box to show their degree of agreement by checking one of five 
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response categories in each statement (a five-point Likert Scale ranging from 
1 – strongly disagree to 5 – strongly agree) were employed.    
All the 20 elements (see Table 3.3) were identified via comprehensive 
literature reviews based on mega port operations in NEA and utilised to 
develop a measurement scale (see Table 3.3). In order to consistently 
assess the measurement items, this study employed subjective 
measurements through a questionnaire survey. Prior to collecting the data 
through a questionnaire survey, a pilot survey was undertaken by email (see 
section 5.3.3). In pre-testing, EFA was performed to clearly identify the four 
dimensions and eliminate potentially redundant items in SPSS 21. Based on 
the results of pre-tests, all the 20 elements were employed to measure each 
determinant, grouping into four categories: port availability, operational 
efficiency, port costs and service quality.   
 
4.3.2 Sustainability practice 
 
According to prior research on sustainability measurement, most papers 
dealing with port sustainability have focused on environmental indicators, 
such as air pollution, noise and water quality (Darbra et al., 2009; Peris-Mora 
et al., 2005). However, it is claimed that an environmental performance index 
(EPI) is insufficient and/or laborious to approach sustainability issues in 
managing the relationships between port competitiveness and performance, 
in that sustainability practice in port operations performs multiple tasks that 
cannot simply be measured by the specific indicators (Cheon and Deakin, 
2010; Seuring and Muller, 2008; Bell and Morse, 2008). Moreover, Darbra et 
 100  
 
al. (2009) pointed out that it is very difficult to collect an exact environmental 
figure and/or index from ports because of scarcity and/or unavailability of 
data and the policy and confidentiality concerns of ports.   
As sustainability practice in port operations is applied over a wide range of 
spatial and temporal scales (Cheon and Deakin, 2010; Seuring and Muller, 
2008; Bell and Morse, 2008), it includes many types/routes for implementing 
practice, which imply realistic difficulties in measuring the construct of 
sustainability practice in port operations. Therefore, to overcome these 
difficulties, as well as to reflect sustainability practice in managing 
competitiveness and performance, the construct is alternatively measured by 
the level of implementing practice, as recommended by Regehr, et al. (2012). 
Based on literature reviews and interview results, four critical elements of 
sustainability practice were utilised for a dual-purpose as the attributes of 
them and the measurement items for the construct of sustainability practice 
(Diamantopoulos et al, 2012; Rossiter, 2002). As displayed in Table 4.2, the 
four elements including green technology, continual monitoring and 
upgrading, internal strengths, and cooperation and communication were 
employed to measure the level of implementing sustainability practice. More 
details for the four identified elements are further discussed with the interview 
results in chapter 6.   
Consequently, to measure the construct of sustainability practice, five levels 
of categories were defined to identify the level of implementation (Regehr, et 
al., 2012). In order to show the level of implementation of each question, 
respondents were asked to tick (√) one box in each statement with a 1-5 
Likert Scale ranging from 1 – strongly disagree to 5 – strongly agree. 
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Table 4.2 Sustainability practice 
Construct Elements Reference 
 
 
 
 
Sustainability  
Practice 
Green technology 
and practice 
Yang et al., 2013; Dinwoodie et al., 2012; 
Lun, 2011; Cheon and Deakin, 2010; 
Murillo-Luna and Ramon-Solans-Prat, 
2008; Porter and van der Linde, 1995. 
Continual 
monitoring and 
upgrading 
Dinwoodie et al., 2012; Cheon and 
Deakin, 2010; Murillo-Luna and Ramon-
Solans-Prat,  2008 
Internal strengths 
Dinwoodie et al., 2012; Cheon and 
Deakin, 2010; Barney, 1995 
Cooperation and 
communication 
Yang et al., 2013; Lun, 2011; Dinwoodie 
et al., 2012; Sarkisa et al., 2010; Cheon 
and Deakin, 2010 
Source: tabulated by author  
  
4.3.3 Operational performance  
 
Operational performance refers to how well an organisation achieves its 
business goals including financial and non-financial aspects (Roberts and 
Grover, 2012; Lu et al., 2009; Li et al., 2006; Christopher et al., 1997). As 
discussed in section 3.4, this study aims to evaluate OP which is vital to port 
existence in a long-term perspective rather than the short-term objectives of 
port operations such as costs and time. Based on prior studies, operational 
performance encompassing both financial and non-financial aspects is 
measured by five critical elements including profit, growth rate on revenue, 
return on investment, market share rate and customer satisfaction, as 
displayed in Table 4.3.  
In addition, to overcome difficulties of collecting objective data due to the 
policy and confidentiality concerns of ports, this study has adopted subjective 
measurements which ask respondents to evaluate their performance 
compared to the major competitors over the last three years (Roberts and 
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Grover, 2012). A five-point Likert scale ranging from 1 – strongly disagree to 
5 – strongly agree is employed to measure their performance compared to 
the major competitors.    
 
Table 4.3 Operational performance 
Construct Elements Reference 
 
 
 
 
 
Operational 
Performance 
Profit 
Roberts and Grover, 2012; Lu et al., 2009; 
Li et al., 2006 ; Li, 2000; Christopher et al., 
1997 
Growth rate on 
revenue 
Roberts and Grover, 2012; Lu et al., 2009; 
Li et al., 2006 ; Li, 2000; Christopher et al., 
1997  
Return on 
investment 
Lu et al., 2009; Li et al., 2006 ; Hult et al., 
2004; Li, 2000; Christopher et al., 1997 
Market share rate 
Roberts and Grover, 2012;Lu et al., 2009; 
Li et al., 2006 ; Lao and Holt, 2005; Li, 
2000; Christopher et al., 1997 
Customer 
satisfaction 
Lu et al., 2009; Li et al., 2006 ; Hult et al., 
2004; Li, 2000; Christopher et al., 1997 
Source: tabulated by author  
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4.4 Summary 
 
The first section introduces a research framework to achieve research 
objectives which aims to examine the role of sustainability practice on the 
relationship between MPC and OP in mega container port operations, based 
on NEA. However, as discussed in section 4.1, not only are prior studies 
linking sustainability practice and port operations not plentiful, but also the 
studies are mainly focused on Western countries such as European ports 
and North American ports. Given the paucity of prior studies, this study 
adopted a two-phase research design including a preliminary field study and 
empirical investigation.  
Preliminary field work in NEA would fill a gap in our existing knowledge and 
place the case of NEA in a global context, investigating specific and general 
features of the regional ports against sustainability practice in, e.g., European 
and North American ports. Secondly, empirical investigation is performed to 
validate and generalise the feasible relationships hypothesised. Therefore, 
this research will not only identify the specific and general features of 
sustainability practice in NEA from a preliminary exploratory field work, but 
also validate and generalise the role of sustainability practice on the 
relationship between MPC and OP in mega container port operations.  
Therefore, the following section presented a research model which 
hypothesises feasible relationships among sustainability practice, MPC and 
OP. To formulate these relationships, five hypotheses testing the direct 
relationships between MPC and OP and four hypotheses concerning the 
moderating effect of sustainability practice have been developed. 
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Deriving from prior studies, the model developed implies:  
Firstly, the structure of MPC was developed. Unlike prior studies on port 
competitiveness, the determinants for port competitiveness are specially 
designed for the regional competition between mega container ports which 
aims to be a regional gateway port in NEA. This will provide theoretical and 
practical contributions, in that this study extracts and validates determinants 
for mega container port competitiveness in new hub-and-spoke networks 
featured in NEA for the first time.  
Secondly, although prior studies identified the positive relationships between 
determinants of competitiveness and operational performance in diverse 
industries, the direct relationship between competitiveness and performance 
in port operation is not verified by prior study yet. This not only implies a 
theoretical contribution from verifying the relationship in the context of port 
operations, but also provides useful information for port operators to guide 
future improvement strategies.  
Lastly, although the positive influence of sustainability practice on the 
opportunities to achieve competitiveness and better performance were 
separately identified by prior studies, there is no previous research on the 
effect of sustainability practice on the relationships between competitiveness 
and performance. Therefore, this study explores the moderating role of 
sustainability practice by shedding new light on how it improves operational 
sustainability in managing competitiveness and performance.  
The last section presented measurement items to assess each construct. All 
twenty nine measurement items for six constructs were investigated and 
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selected, based on prior studies. Twenty elements were employed for 
measuring the structure of MPC, grouping it into four determinants: 
operational efficiency, port availability, port costs and service quality. The 
level of implementation of sustainability practice is measured by four 
measurement items. Lastly, five measurement items spanning financial and 
non-financial aspects were selected to measure OP compared to their major 
competitors in mega container port operations. In addition, to overcome the 
difficulties to collect secondary data due to unavailability of data and the 
policy and confidentiality concerns of ports, subjective measurement was 
adopted, employing a five-point Likert Scale ranging from 1 – strongly 
disagree to 5 – strongly agree.   
In order to provide assurance that appropriate methods and procedures to 
achieve the research objectives were being deployed, the following chapter 
elaborates research methodology incorporating research design, data 
collection process, sample design, data analysis technique and the relevant 
issues. Justifications and the details for a combined-method adopted, sample 
design, data collection process and data analysis for both qualitative and 
quantitative data are discussed in the following chapter.       
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CHAPTER 5: RESEARCH METHODOLOGY 
 
This chapter discusses research methodology to achieve research objectives, 
which encompasses research design, data collection process, sample design, 
data analysis technique and the relevant issues. The first section presents 
research design incorporating paradigm, approach, strategy, data collection 
methods, aiming to provide assurance that appropriate methods and 
procedures have been chosen.  
As discussed in chapter 4, this study adopts a two-phase research design 
that combines qualitative and quantitative methods. Therefore, the second 
section includes the introduction of the combined-method. In the third section, 
sample design is discussed, explaining the populations for this study 
including research location, sampling techniques and sample size. The 
following section explains the procedures to collect data for both qualitative 
and quantitative research, which explains the data collection process 
including interviews and data analysis, questionnaire development, piloting 
and questionnaire update, and questionnaire survey. Questionnaire design, 
validity and reliability issues, and analysis techniques for both a preliminary 
field work and questionnaire survey are elaborated in the fourth and fifth 
sections, separately. Data analysis techniques include: thematic analysis for 
the qualitative data, and a package of regression analysis for hypothesis 
testing. Lastly, the seventh section provides a summary for this chapter.     
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5.1 Research design 
 
Research design is a plan to organise research activity and to conduct 
investigation in ways that are the most likely methods to accomplish the 
research aims. It should, therefore, consider carefully the most likely methods 
and procedures to answer the research questions, maintaining consistency in 
overall process encompassing research philosophy, research approach, 
research strategy, data collection methods and data analysis (Easterby-
Smith et al, 2012; Sanunders et al., 2012; Creswell, 2009). The following 
sections start with a discussion of each dimension of the research process 
and the justification for the choices made. 
 
5.1.1 Research paradigm  
 
Collis and Hussey (2009:55) asserted that “a research paradigm guides how 
research should be conducted, based on people’s philosophies and their 
assumptions about the world and the nature of knowledge”. Therefore, a 
research paradigm underpins their research strategy and the methods that 
influence how data are collected, analysed and interpreted (Easterby-Smith 
et al., 2012; Morgan, 2007). The research paradigms are a basic set of 
beliefs that guide research, encompassing ontology, epistemology, axiology 
and methodology (Saunders et al., 2012; Collis and Hussey, 2009; Guba and 
Lincoln, 2005). Ontology generally deals with or establishes the researcher’s 
view of the clear grounds for being (Collis and Hussey, 2009). There are two 
aspects of ontological assumptions widely accepted by business and 
management researchers: one is objectivism which represents the position 
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that social phenomena exist independently of social actors; another is 
subjectivism (associated with constructionism) taking a view that social 
phenomena are generated by social actors’ perceptions and consequent 
actions. Meanwhile, epistemology is in close connection with valid knowledge, 
namely, whether it is considered acceptable knowledge (Bryman and Bell, 
2011). The term axiology, as used in research paradigms, primarily refers to 
the researcher’s view of the role of values; and methodology represents data 
collection techniques to acquire the knowledge (Saunders et al., 2012).  
There are three general philosophical paradigms explaining social 
phenomena in business and management research, labelled positivism, 
interpretivism, and pragmatism (Saunders et al., 2012).  Table 5.1 illustrates 
a comparison of three research philosophies distinguished by research 
paradigms in business and management research. Quantitative research 
typically deals with numerical data and exhibits a view of the casual 
relationship between variables while qualitative research generally entails 
non-numerical data for studying participants’ meaning and relationships 
between them (Saunders et al., 2012; Bryman and Bell, 2011). Therefore, 
quantitative research is generally associated with positivism and a deductive 
approach whilst qualitative research is connected with an interpretivist 
philosophy and inductive approach which focuses on the detail of a situation 
(Saunders et al., 2012). The two main paradigms appear to be in opposition. 
However, there is actually a close relationship between quantitative and 
qualitative data, in that either quantitative data often comes from qualitative 
judgement or qualitative data can be coded and controlled quantitatively 
(Trochim and Donnelly, 2006; Blaxter et al., 2001). Pragmatism professes 
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that the mixed or multiple methods including both quantitative and qualitative 
data is possible and appropriate to provide more comprehensive evidence 
and strength within one study rather than adopting one method (Saunders et 
al., 2012; Creswell, 2009). Although a pragmatist is neither interpretivist nor 
positivist, it is possible to work with both philosophies (Denscombe, 2008). 
Therefore, pragmatists adopt a flexible view in choosing the best way to 
tackle a research question and they believe that both observable phenomena 
and subjective meaning can provide acceptable knowledge (Tashakkori and 
Creswell, 2008; Johnson et al., 2007; Bryman 2006). 
Table 5.1 Research philosophies in business and management research 
 Positivism Pragmatism Interpretivism 
 
Ontology 
- External, 
- Objective, 
- Independent of   
social actors 
- External, 
- Multiple,  
- Flexible view 
- subjective,  
- May change, 
- Multiple,  
- Socially constructed 
 
 
 
 
Epistemology 
- Credible data, 
facts 
- Causality and 
law-like 
generalisation 
- Reducing 
phenomena to 
simplest elements 
- Focus on practical 
applied  research, 
- Integration of 
different perspective 
- Acceptable 
knowledge 
(observable 
phenomena and 
subjective meanings)  
- Subjective meaning 
and social 
phenomena 
- Focus on the detail 
of situation 
- Reality behind 
details  
- Subjective meanings 
motivating actions 
 
 
Axiology 
 
- Value free way 
- Objective 
- Values play a large 
role 
- Both objective and 
subjective 
 
 
- Value bound 
- Subjective 
 
Methodology 
- Highly structured 
- Large samples 
- Measurement 
- Generally 
quantitative 
- Mixed or multiple 
method 
- Qualitative and 
qualitative 
- Small sample 
- In-depth 
investigations 
- Qualitative 
Source: Adopted from Saunders et al (2012:140) 
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Under consideration of prior studies, this study is considered as pragmatic, in 
that both qualitative data and quantitative data are required to achieve the 
research objectives. Consequently, the philosophy of pragmatism has 
underpinned the researcher’s choice of a combined method in this study 
(Brayman and Bell, 2011; Creswell, 2009). The details for the combined 
method are further discussed in the following section.  
    
5.1.2 Research approach and method 
 
There are generally two main research approaches which correspond to 
research philosophies: deductive and inductive research (Brayman and Bell, 
2011; Creswell, 2009). Inductive research involves the construction and 
explanation of models and theories from the ground up (Easterby-Smith et al. 
2012; Saunders et al, 2012). Therefore, theory can be referred to as an 
outcome of research in an inductive approach. Meanwhile, deductive 
research tests a theoretical and conceptual framework though empirical 
observation (Easterby-Smith et al. 2012; Saunders et al, 2012). So, from a 
deductive perspective, theory is used to guide research. However, many 
researchers claimed that it is possible to combine deduction and induction 
within one research project and the combined approach can have 
advantages which offer a better understanding of a specific research topic 
(Creswell, 2009; Denscombe, 2008; Johnson et al., 2007). As argued by Ali 
and Birley (1999), the combined approach cannot only adapt existing theory, 
but also present an alternative theoretical framework. Table 5.2 describes the 
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integrated approach compared to versions of the deductive and inductive 
approaches. 
Table 5.2 Comparison of the research approaches 
Stage Deductive Integrated approach Inductive 
 
1 
 
Develop theoretical 
framework 
 
Develop theoretical 
framework based on 
constructs 
 
Area of enquiry 
identified but no 
theoretical 
framework 
 
 
2 
Variables identified 
for relevant 
constructs 
Some variables identified 
for relevant constructs – 
others can be identified by 
respondents 
Respondents 
identify constructs 
and explain the 
relationship 
between them 
 
 
3 
 
Instrument 
development 
Researcher converts the a 
prior theoretical framework 
into a theoretical questions 
 
 
Broad themes for 
discussion identified 
 
 
4 
 
 
Respondents give 
answers to specific 
questions 
Respondents discuss the 
seemingly general 
questions and identify 
constructs which are 
meaningful to them and 
explain the relationships 
between the constructs 
 
 
 
Respondents 
discuss general 
themes of interest 
 
 
5 
 
Answers analysed in 
terms of prior 
theoretical framework 
Respondent data analysed 
according to existing theory 
or theory is developed on 
an inductive basis – without 
regard to the existing theory 
 
 
Researcher 
develops theory on 
a purely inductive 
basis 
 
6 
Outcome: Theory 
tested according to 
whether hypotheses 
are accepted or 
rejected 
Outcome: Either existing 
theory is adapted or 
alternative theoretical 
framework is presented 
 
Outcome: Theory 
developed 
Source: Ali and Birley (1999; 106) 
 
In order to examine the role of sustainability practice on the relationships 
between MPC and OP, whether the attributes of sustainability practice are 
applicable to NEA is an important issue in this study. Namely, although this 
study is based on theories and existing knowledge, it is possible to present 
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an alternative outcome of the research, within the unique structure of 
competition pertaining in NEA (Creswell, 2009; Ali and Birley, 1999). 
Therefore, this study can be considered as an integrated approach, in that 
either existing theory is adapted or an alternative theoretical framework can 
be accepted (Ali and Birley, 1999).  
In terms of data collection method, this study requires both qualitative and 
quantitative methods. As discussed above, a qualitative method is generally 
connected with an inductive approach whilst quantitative methods are often 
linked with a deductive approach. However, a number of researchers 
maintained that the two main methods can be demonstrated in one research 
project which combines both quantitative and qualitative methods (Easterby-
Smith et al., 2012; Saunders et al., 2012; Creswell, 2009; Denscombe, 2008; 
Johnson et al., 2007; Bryman, 2006). The growing interest in generating a 
value from consciously combining both qualitative and quantitative methods 
invites the emergence of mixed methods, particularly for answering complex 
research questions. Saunders et al. (2012) and Creswell (2009) claimed that 
although all methods have limitations, mixed methods can complement and 
cross-validate each other to neutralise and reduce the inherent bias and 
sterility of a single method. Molina-Azorin (2012) examined the use and 
added value of mixed or multiple methods in research focused on strategic 
management and organisational behaviour. He revealed that 11.4% (152) of 
1330 articles in his sample used diverse multiple methods. Especially, 80.9% 
of these 152 articles had dominantly used the combination of quantitative or 
qualitative methods in the mixed methods. Moreover, 86.8 % of these 
combined methods had been conducted by sequential mixing them.  
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In port and logistics research, there has been widespread use of these 
combined methods to obtain empirical evidence. For example, Feng et al, 
(2012) adopt the postal questionnaire and semi-structured interviews 
together to address and compare a gap in performance comparison research 
between Western European and Eastern Asian ports. Wilding and Juriado 
(2004) also utilise the integrated method to conduct an empirical study of 
customer perceptions on logistics outsourcing in the European customer 
goods industry, addressing open-ended questions to interviewees.  
The choice of research approaches is typically dependant on the nature of 
the research question and research purposes (Saunders et al., 2012). In 
terms of research objectives, at first, this research is exploratory because 
little research has been conducted on this issue in this region. Moreover, 
relatively, every finding is supported by literature, not directly discovered and 
verified in the unique competition structure in NEA. Therefore, to understand 
special and general features of sustainability practice in NEA, a qualitative 
method is appropriate, which allows validating the attributes of sustainability 
practice in mega container port competition in NEA. Furthermore, this study 
also aims to analyse the role of sustainability practice on the relationship 
between competitiveness and performance in mega container port operations 
through empirical investigation. Accordingly, in the second stage, a 
quantitative method is apposite to test a theoretical and conceptual 
framework though empirical observation (Collis and Hussey, 2009). 
Therefore, to address all research aims of stage 1 and 2, this study employed 
a combined method, combining of qualitative and quantitative methods to 
accomplish the research purposes.  
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Additionally, in terms of time-horizons, cross-sectional means data collected 
from particular phenomena at a given time while longitudinal represents a 
‘diary’ perspective (Saunders et al, 2012). The current study is cross-
sectional as it seeks to collect necessary data to analyse the influential 
variables that affect megaport competitiveness and performance at a given 
time, as a ‘snapshot’ of particular phenomena at a particular time (Easterby-
Smith et al, 2012; Saunders et al, 2012).  
 
5.1.3 Research strategy: Survey 
 
There are various research strategies for data collection such as survey, 
case study, experiment, action and archival research, ethnography, narrative 
inquiry and grounded theory, (Saunders et al, 2012). As explained earlier in 
section 5.1.2, this study adopted a combined method requiring a different 
type of data such as qualitative and quantitative data. Surveys can be widely 
adapted for data collection encompassing qualitative and quantitative data 
(Cooper and Schindler, 2011).  
Data collection methods for survey include interview survey by face-to-face 
or telephone and a structured questionnaire by the internet, face-to-face, 
telephone, postal mail, fax, e-mail and a combination of these (Cooper and 
Schindler, 2011). In accordance with research objectives, to collect both 
qualitative and quantitative data, this study has employed a two-phase data 
collection process being composed of a semi-structured face-to-face 
interview survey and a web-based questionnaire survey (Saunders et al, 
2012).     
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 Semi-structured face-to-face interview 
According to the level of formality and structure used, interviews can be 
categorised into structured interviews, semi-structured interviews, and 
unstructured or in-depth interviews (Saunder et al., 2012). Structured 
interviews are referred to as quantitative research interview, which record the 
response on a standardised question. The structured interviews can collect 
quantifiable data from interviews while this mode is difficult to identify any 
bias or issues unrevealed. Therefore, this mode offers descriptive and 
explanatory tools, but does not suit understanding and exploring the “what” 
and the “how”.  By comparison, semi-structured and unstructured interviews 
are the most advantageous approach to obtain data from a large number of 
questions to be answered, complex and open-ended questions, and a 
question needed to be varied in order or logic (Easterby-Smith et al., 2012; 
Jankowicz, 2005). Although both semi-structured and unstructured interviews 
offer exploratory tools for this study, unstructured interviews were rejected for 
this research because questions without a planned sequence and too-open 
questions can deviate from the research objectives.    
There are two methods to collect data from interview surveys such as face-
to-face or telephone. This study employed face-to-face interviews although 
the cost spent on semi-structured face-to-face interviews is relatively higher 
than by telephone. This is because of: 1) positive participation; when the 
respondents allow interviews they allocate their time and attention to 
interviews whereas interview process by telephone depends on the intention 
of respondents and is not free of the external environment, 2) it is difficult to 
ask detailed and complex questions; face-to-face interviews can provide 
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diagrams or examples during the interview process, which helps the 
respondents to understand 3) time availability; this study deals with profound 
knowledge related to port operations, which requires appropriate time to 
discuss, and 4) reviews from respondents; in face-to-face interviews it is 
possible to review the interview results, which enhances the  validity and 
reliability of data.   
 Web-based questionnaire 
As mentioned in research strategy, data collection for quantitative research 
can be carried out by self-completion types including web-based, postal, 
delivery and collection questionnaire and interviewer-completed types such 
as telephone and structured interview (Cooper and Schindler, 2011). 
Saunders et al. (2012) stated that “questionnaire choices are affected by the 
time available to complete the data collection, the financial implications of 
data collection and entry, availability of interviewers and field workers to 
assist, and the use of automated data entry”. This study is cross-national, 
which collects data from international mega container ports in NEA. Under 
consideration of questionnaire choice criteria suggested by Saunders et al. 
(2012), an internet (web-based) questionnaire was employed for this study.   
Online surveys can be conducted by the following two ways: email 
attachment and using web-based survey instruments. Email attachment has 
an advantage in costs and time to collect data while also contains limitations 
compared to using web-based survey instruments such as difficulty to control 
an omission and wrong answers and additional procedure for coding. On the 
other hand, internet (web-based) questionnaires cannot only maximise the 
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advantages of email attachment, but also offset the disadvantages. The 
procedures for data collection from internet (web-based) questionnaires 
include four steps: 1) produce questionnaire according to web-page format 
and construct automatic input system that transfers the answers of 
respondents to database, 2) connect home-page for survey to network, 3) let 
the respondents know the address of home-page for survey by email, postal 
mail and telephone; in particular, when using email a link to home-page can 
make it easy to access, and 4) the respondents can answer by using a 
specified home-page for surveys, before the answers are automatically 
transferred to a database. 
Internet (web-based) questionnaire has a variety of advantages. At first, the 
cost per respondent is cheaper than any other method (Kypri et al., 2008). 
Secondly, it is possible to immediately respond and to save the costs for 
collecting and coding because of automatic input system while traditional 
methods requires additional costs and procedures (van Gelder et al., 2010). 
Thirdly, from the system that notices an error such as an omission and 
double check, the reliability of the data can be enhanced (Bech and Kristensn, 
2009). Fourthly, this mode can improve the quality of answers because they 
can participate whenever they want (Russell et al., 2010; van Gelder et al., 
2010). Lastly, this mode can overcome sample bias problems arising from 
handing a questionnaire over to others such as their subordinates, in that the 
questionnaire is directly delivered to the targeted populations. 
In contrast, there are some limitations in internet (web-based) questionnaires.  
First of all, internet (web-based) questionnaires show low respondent rates 
as users have a tendency to ignore some information that they are not 
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interested in (Russell et al., 2010). Secondly, validity and reliability are critical 
issues for the data obtained from web-based questionnaires (Saunder et al., 
2012). As stated by de Leeuw (2003) and Manfreda et al. (2002), a web-
based questionnaire can yield various measurement errors arising from 
ineligible responses such as the elderly, the lower educated, and non-
response.  
Notwithstanding, there are several ways to overcome the disadvantages of 
internet (web-based) questionnaires. At first, in terms of improving response 
rate, as mentioned by van Gelder et al. (2010), “many of the approaches 
known to increase response rate to postal questionnaires are also applicable 
to web-based questionnaires”. Examples include: 1) some follow-up contacts 
to the respondents such as sending follow-up emails and calls can 
encourage their response (Edwards et al., 2009), 2) providing non-monetary 
incentives such as lottery participation and survey results can help to 
increase response rate (van Gelder et al., 2010), and 3) attractive layout and 
clear instructions might increase response rate as revealed in postal 
questionnaire (Edwards et al., 2009; Ekman et al., 2006). Secondly, with 
respect to validity and reliability, a random sampling from the general 
population deteriorates the quality of the data allowing responses without a 
significant knowledge in the research topics (van Gelder et al., 2010). As 
argued by van Gelder et al. (2010), sampling from the exact targets can 
enhance validity and reliability of a data obtained from online survey. 
Therefore, this study attempted to distribute the questionnaire to only the 
targeted populations who are randomly selected from the list of respondents. 
Additionally, to reduce non-response rate, as suggested by Kalb et al., (2012), 
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two weeks after the initial mailing a cover letter highlighting the various 
means to respond, and the reminder emails were sent to all potential 
respondents. Those organisations that did not respond within another four 
weeks were contacted by telephone with a personalised email in the last 
wave.  
 
5.2 Sample location and sample design 
5.2.1 Choice of research location 
 
This study aimed to analyse the role of sustainability practice in managing 
competitiveness in mega container port operations. Therefore, this research 
employed purposive sampling for the selection of the research location, 
which is feasible for exploratory research purposes (Sekaran and Bougie, 
2010).  
 research location 
As a consequence of deployment of mega container ships, the major 
container ports in NEA have entered into the era of megaport competition 
striving to be a regional gateway (Wilmsmeier and Notteboom, 2009; Yap 
and Lam, 2006; Hsu and Hsieh, 2005). With strategic locations on the main 
trunk route connecting Europe – Far East trade lines and the Asia – North 
America route, four mega container ports within the world top five are located 
in NEA (Imai et al., 2006). Therefore, NEA is appropriate to achieve the 
research purpose in terms of port competition between mega container ports. 
Furthermore, NEA is also appropriate to consider four criteria for selection of 
 120  
 
research location suggested by de Langen (2003), such as feasibility, 
accessibility, significance and competitive environment:  
 NEA is located in the same economic area and research in this region 
is feasible in terms of accessibility;  
 
 Port activities are significantly important for the regional economy, and 
this region is regarded as the central position of regional competition 
in terms of liner shipping (Athukorala and Kohpaiboon, 2010) 
 
 The major container ports have occupied the top position in the world 
port ranking today in terms of container throughput (World Container 
Council, 2014); and  
 
 NEA is the most eloquent example to scrutinise the rapidly changed 
business environment in container shipping and intensified port 
competition (Yeo et al., 2008).  
 
Therefore, this study chooses NEA for empirical survey to analyse the 
impacts of sustainability practice on the relationship between 
competitiveness and performance in mega container port operations.  
For selection of sample ports in their targeted area, the total container 
throughput is widely used for the major index (Yeo et al., 2008; Lim et al., 
2003). Therefore, this study utilised world port ranking (2012) based on total 
container throughput, as the selection criteria. The selected ports were 
Shanghai (1st), Hong Kong (3rd), Shenzhen (4th) and Busan (5th), located on 
the main trunk route in NEA (see Table 5.3). However, in terms of the content 
validation, experts in the pilot survey were concerned by a bias towards 
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Chinese ports because three Chinese ports are ranked within the world top 
five (see chapter in 5.3.3). In order to avoid a biased view toward Chinese 
ports, Shenzhen (4th) is excluded from this study. Although Hong Kong (3rd) 
is also geographically belonged to the great China, Hong Kong was retained 
because of different operational and governance systems under the principle 
of "one country, two systems". Finally, three mega container ports in NEA, 
which ranked within the top 5 in the world, were selected for the research, 
which can typify mega port competition in the same economic area (Low et 
al., 2009). The selected ports are Shanghai (1st), Hong Kong (3rd) and Busan 
(5th). 
Table 5.3 Top five world container ports 
  
World Rank (2012) 
 
Port 
 
Nationality 
 
Throughout (1000 TEUs) 
1 Shanghai China 32.53 
2 Singapore Singapore 31.65 
3 Hong Kong China 23.10 
4 Shenzhen China 22.94 
5 Busan South Korea 17.04 
Source: World Container Council: Top 5 World Container Ports (2014) 
 
5.2.2 Sample frame and design  
 
A large number of stakeholders engaged play a significant role in the 
governance of the port cluster, having a huge impact on port operations 
(Winkelmans and Notteboom, 2007). Accordingly, integrating the 
consideration of sustainability into all activities in and around a port underpins 
its aims to be sustainable and efficient. However, the achievement of 
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sustainable port operations and development is a difficult challenge and a 
complex problem to be solved, in which ports have a complex organisational 
and technical structure and a number of stakeholders engaged in port 
operations (Dinwoodie et al., 2012). Therefore, how ports can achieve 
sustainability is a crucial issue for port operators, as well as for all associated 
stakeholders. Under these considerations, the stakeholder approach is 
important in order to analyse the role of certain practice in port operations 
(Notteboom and Rodrigue, 2008).  
The broadest definition of the concept of stakeholder mentioned by Freeman 
(1984) is: “A stakeholder is by definition any individual or group of individuals 
that can influence or are influenced by the achievement of the organisation’s 
objectivity”. The types or classes of stakeholders are dependent on the 
purpose of the organisation (Campbell, 1997). However, as argued by 
Frankel (1989), the objectives of a port authority clearly differ from those of 
conventional firms.  
Notteboom and Winkelmans, (2002) applied a stakeholder approach to the 
port industry and identified different categories of stakeholders in the port 
sector: internal stakeholders (port authority organisation) and three groups of 
external stakeholders including economic/contractual external stakeholders 
(e.g. terminal operation companies), public policy stakeholders (e.g. 
government bodies) and non-market player groups. Winkelmans and 
Notteboom (2007:6) stated details of external stakeholders: 
- Port companies involved in physical operations linked to the port 
authority via concession agreements invest directly in the port area 
(e.g. terminal operators or stevedoring companies - including the 
carrier/terminal operator in case of dedicated terminals).  
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- Others offer logistical organisation services (e.g. forwarding agencies, 
shipping agencies, etc.) 
 
- Industrial companies in the port area (e.g. power plants, chemical 
companies, assembly plants) 
 
- Supporting industries (e.g. ship repair, inspection services, towage 
and pilotage services, ship chandlers, waste reception, etc.) 
 
- The port labour pool whether decasualised or not 
 
- Port customers, trading companies and importers/exporters. They are 
less directly involved than the in situ economic groups as they 
normally do not invest directly in the port. Nevertheless they follow the 
port evolution carefully, because port activity can influence their 
business results. 
- Community stakeholders include community groups or civil society 
organisations, the general public, the press and other non-market 
players. They are concerned about the port’s evolution, i.e. mainly 
about its expansion programmes, for reasons of welfare. 
 
Under consideration of stakeholder approach applied to port industry, four 
representative groups of port stakeholders were selected in this study to 
analyse the role of sustainability practice in managing competitiveness. The 
stakeholder groups selected include port authorities, terminal operation 
companies, government bodies, and researchers/academics groups, which 
frequently adapted in port competitiveness research field as port scoring 
team (Yeo et al. 2007; Tongzon, 2004).  
Based on research sample frame, the following sections explain details for 
sample section for both interview and questionnaire survey, respectively.  
 Interview survey 
The interviewees were selected on the basis of in-depth knowledge in port 
activities to accomplish sustainable port development and operations. In 
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order to select appropriate interviewees with significant knowledge, this study 
employed the technique of the key informant method which gathers 
information through a selected limited number of respondents (Cousins et al., 
2006; Phillips, 1981). Job position, working experience and involvement level 
were used to select interviewees as selection criteria. The interviews were 
composed of the four groups of stakeholders including internal stakeholders 
(port operator) and three groups of external stakeholders including 
economic/contractual external (e.g. terminal operators), public policy (e.g. 
government bodies) and community/academic groups. Experts in various 
high positions in their organisation were selected as advised by Phillips (1981) 
to avoid deficiencies of knowledge. The respondents were in senior and 
middle groups in their organisations, entitled vice president or above, board 
member, director, manager of department, section chief and operational 
supervisor.  
 Questionnaire survey 
There is no representative database of port stakeholders related to NEA. 
Therefore, this study used ‘Containerisation International Yearbook’ (2012) 
for the selection of the sampling of port operators and service providers. The 
sample of government bodies were collected from web-based database 
associated with the target ports. From the journals dealing with 
competitiveness and sustainability practice of the target ports, the sample of 
researchers and academics were collected. In order to obtain objectivity, the 
samples of four groups were randomly selected. Additionally, in order to 
enhance accuracy and validate the findings, this study attempted to select a 
key informant as the eligible respondents embracing CEOs, presidents, vice 
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presidents, board members of port operations, managers of departments, 
operation director and others in the targeted research area, which can 
validate the findings (e.g. Krause et al., 2007; Cousins et al., 2006).   
5.2.3 Sample size 
 
Kerlinger (1964) noted that large sample sizes yield smaller standard errors. 
It means that utilising samples as large as possible can reduce the failure 
rate in research. However, owing to some constraints including time and cost, 
sample sizes may need to be reduced.  According to Saunders et al. (2012), 
sample size can be adjusted in accordance with the type of investigation 
such as research direction and the methodologies adopted. As discussed in 
section 5.1.3, this study employed a combined method dealing with both 
qualitative and quantitative data. Therefore, according to different data 
collection processes, the required sample size would be different.  
At first, a large number is not a central issue for the qualitative method but 
quantitative research requires a high number of respondents (Malhotra and 
Birks, 2007). In terms of qualitative research, the number of interviews 
depends on a point of theoretical saturation or stability that the researcher 
reached (Sekaran and Bougie, 2010). In the interview process, port 
practitioners has provided a significant basis for drawing out validation as the 
respondents are the major players in implementing certain practice in the port 
sector, such as vice presidents, board members of a port, managers of 
departments, operations director and similar roles. However, the interviews 
were undertaken with only 12 respondents and one mega container port, 
which may imply a biased view in different business environments and 
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operational systems. Therefore, to overcome these limitations, the attributes 
of sustainability practice identified from interviews were analysed once again 
in questionnaire surveys including other mega container ports. 
In empirical research, the adequacy of the sample size should be examined 
before the data collection process. The required sample size can be 
evaluated by the number of construct or predictors used (Hair, 2010; Faul et 
al., 2009, 2007). Generally, a standard of the minimum sample size can be 
estimated with the two considerations of ‘the estimation technique’ and ‘the 
ratio of respondents to parameters’ (MacCallum, 2003). The measurement 
model for this study has six predictors to analyse. In order to examine the 
required sample size, this study employed ‘A priori analysis’, statistical power 
analysis using G*Power 3.1 (Faul et al., 2009). The results of F tests 
revealed that the necessary sample size for the six tested predictors in the 
fixed-predictors model of multiple linear regression is 146 for the required 
significance level (0.05) desired statistical power above 95% (Cohen, 1988). 
Table 5.4 describes input and output for the to-be-detected effective 
population size. On the other hand, in terms of constructs used, the minimum 
size for six constructs is 150 with modest communalities, 0.5 (Hair, 2010). 
Therefore, under considering these prior studies related to the critical sample 
size, a minimum of 150 was adopted as the target sample size for this study.   
Table 5.4 A priori analysis: Computation of required sample size  
Input Output 
Effect size f² = 0.15, α err probability = 0.05 
Power (1-β err probability) = 0.95 
Number of tested predictors = 6 
Critical F= 2.1644088 
Total sample size = 146 
Actual power = 0.9507965 
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5.3 Data collection process 
 
As illustrated in Figure 5.1, the data collection process for this study involves 
four steps carried out from Dec. 2012 to Jun. 2013, including interviews and 
data analysis; questionnaire development; the preparation of the survey 
questionnaire; and questionnaire survey. 
 
 
 
 
 
 
 
 
 
 
                    Figure 5.1 Data collection process (Source: Author) 
 
5.3.1 Interviews and data analysis 
 
In order to confirm the attributes of sustainability practice in mega container 
port operations in NEA, the interviews as a preliminary field study were 
undertaken at Busan port in South Korea, ranked within the world top five 
busiest container ports, in early 2013, grouping interviewees into four sectors 
of port practitioners incorporating port operators, local 
Interviews and data analysis 
 
(Dec., 2012~ Jan. 2013) 
 
Questionnaire survey 
 
(Apr., 2013~Jun., 2013) 
Pilot study & questionnaire update  
 
(Feb. 2013~ Apr, 2013)  
  
 
Questionnaire development 
 
(Jan., 2013~Feb. 2013) 
 
Step 1 
Step 2 
Step 3 
Step 4 
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government/community, service providers and an academic/institutional 
group, with three participants in each group. Based on comprehensive 
literature review, the interview prompt sheet developed. Prior to data 
collecting, the pre-tests were conducted in Plymouth business school in 
autumn 2012. Twelve researchers including professors and PhD researchers 
took part in the pre-test. Appendix A details the interview prompt sheet. 
In interviews, the respondents were individually interviewed for 90 minutes. 
During the interviews, the respondents were asked to review the interview 
questionnaire to check the contents. Finally, translation of the interview 
results was made into English. The answers were recorded and the 
importance of each attribute was evaluated by using a five-point Likert Scale 
ranging from 1 – not very important to 5 – very important. Further, the 
relevant issues were investigated, after then the respondents categorised it 
under the attributes of sustainability practice. The results of interviews are 
displayed and discussed in chapter 6.   
 
5.3.2 Questionnaire development 
 
There are some suggested guidelines for questionnaire design in social 
science study, which help develop a coherent questionnaire (McDaniel and 
Gates, 2011; Baines and Chansarkar, 2002; Churchill and Iacobucci, 2002).  
Although they suggested a different number of steps for the questionnaire 
design process, the questionnaire design process is very similar due to many 
common factors. This study employed McDaniel and Gates’ (2011) ten-step 
process, which offers a sequential procedure for the formation of a 
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questionnaire instrument (see Figure 5.2). Therefore, according to 
procedures for developing a questionnaire suggested by McDaniel and Gate 
(2011), the questionnaire for this study was developed as following:    
 
              Figure 5.2 Procedures for developing a questionnaire     
Source: McDaniel and Gate (2011:292) 
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Step 1: Determine survey objectives, resources, and constraints 
At the first step for questionnaire design, sufficient knowledge regarding the 
research problem such as survey objectives, resources, and constraints 
should be considered. This study aims to examine the role of sustainability 
practice on the relationship between MPC and OP. The constructs used were 
six. The four constructs were for the higher-order structure for MPC, while the 
two constructs were individually composed of sustainability practice and 
operational performance. In addition, as this study aims to examine the role 
of sustainability practice within mega container port operations in NEA, data 
should be cross-national, which collects data from international mega 
container ports in NEA. Therefore, to ensure close communication between 
respondents and researchers, translation of the questionnaire should be 
made into three different languages (English, Chinese and Korean). Besides, 
this study has adopted subjective measurements which ask the respondents’ 
perceptions due to the difficulty obtaining objective data. Therefore, the 
questions have to be assessed by the scale of the respondent’s agreement. 
In this study, to evaluate the operational situation of mega container ports, 
level of implementing sustainability practice and their performance compared 
to the major competitors over the last three years, the respondents are asked 
to tick one box to show their degree of agreement with each statement, using 
a five-point Likert Scale (1 – strongly disagree to 5 – strongly agree).  
Step 2: Determine the data-collection method 
This study is a cross-national research collecting data from three 
international container ports in NEA: Shanghai, Hong-Kong and Busan. A 
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questionnaire survey as a research strategy to collect the required samples is 
adopted for this study. Moreover, in order to overcome constraints such as 
the time available to complete the data collection and the financial 
implications of data collection, a web-based questionnaire is employed.  
Step 3: Determine the question response format 
As discussed in Step 1, in order to evaluate the operational situation of a 
mega container port, the level of implementing sustainability practice and 
their performance compared to the major competitors, a five-point Likert 
Scale ranging from 1 – strongly disagree to 5 – strongly agree was employed. 
The respondents are asked to tick (√) one box to show their degree of 
agreement by checking one of five response categories in each statement.  
There are several advantages in employing a Likert scale: 1) it is simple to 
construct and administer this scale, and 2) it helps the respondent to 
understand and complete the questionnaire. Therefore, it is suitable for self-
completed questionnaires such as postal mail, e-mail, fax, the internet and a 
combination of these (Cooper and Schindler, 2011). In contrast, the 
disadvantage of a Likert scale is that respondents need to read the entire 
statement to respond, which requires more time than a short phrase. 
Therefore, the current study attempted to develop the entire statement that 
they were simple and clear to understand. Additionally, there are several 
variants of the Likert scale commonly used in scoring the degree of 
agreement, i.e. 5, 7 or 9 points. As revealed by Schutz and Rucker 
(1975:323), “the number of available response categories does not materially 
affect the cognitive structure derived from the results”. Therefore, this study 
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employed a five-point Likert Scale, which is easy and simple for respondents 
to understand and complete.    
 Step 4: Decide on the questionnaire wording 
When determining the questionnaire wording, a respondent’s ability and 
willingness to answer the questionnaire should be considered (McDaniel and 
Gate, 2011), in that the difficult questions to understand can cause distortion 
in a survey (Cooper and Schindler, 2011). Therefore, Churchill and Iacobucci 
(2002:331-334) suggested some basic principles, which researchers should 
remember: 
 Use simple words 
 Avoid ambiguous words and questions 
 Avoid leading questions 
 Avoid implicit alternatives and assumptions 
 Avoid generalisations and estimates 
 Avoid double-barrelled questions 
Therefore, under consideration of the suggested basic principles, this study 
used simple and interesting opening questions, and adopted a funnel 
approach that places difficult questions late in the questionnaire (Churchill 
and Iacobucci, 2002).  
Step 5: Evaluate the questionnaire  
The questionnaire should be re-examined and revised, if necessary, to make 
sure that the questions are not ambiguous and confusing (Churchill and 
Iacobucci, 2002).  If a potential problem is detected, such as difficult words to 
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understand, leading questions and containing implicit acknowledgement, the 
questions should be corrected and revised (McDaniel and Gate, 2011). 
Modifications of the questionnaire are detailed in section 5.3.3. 
Step 6: Establish questionnaire flow and layout 
According to Churchill and Iacobucci (2002), the physical characteristics of 
the questionnaire are important because it influences not only the accuracy 
of the response, but also help the respondents to respond.  Therefore, a tick 
box questionnaire was designed with a simple format gathering the relevant 
questions together (McDaniel and Gate, 2011). Section 5.5.1 describes in 
more details the questionnaire flow and layout.   
Step 7: Obtain approval of all relevant parties 
McDaniel and Gate (2011) argued that sampling frames indicating the target 
population are very important to improve the accuracy and validity of data 
collected. Therefore, when conducting the pre-test, the questionnaires were 
distributed to all relevant parties in port operations. Based on the results of 
the pre-test, the final questionnaire was revised.    
Step 8: Pre-test and revise 
McDaniel and Gate (2011) and Churchill and Iacobucci (2002) emphasised 
the importance of pre-tests before carrying out a questionnaire survey. 
According to Cooper and Schindler (2011), there are some motivations for 
conducting a pre-test:1) finding ways to increase a respondent’s interest, 2) 
realising contents, wording, and sequencing problems, 3) noticing target 
groups in which training is required, and 4) increasing the quality of data. In 
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this study, 30 respondents including academic groups and the experts in 
charge of the shipping business were involved in the pilot survey. Based on 
the pilot survey results, the final tick-box questionnaire was updated and 
revised (see section 5.3.3).  
Step 9: Prepare final questionnaire copy 
This study employed a web-based questionnaire instrument. Therefore, the 
questionnaire was emailed letting the respondents know the address of the 
home-page for the survey by email. Moreover, the answers were 
automatically transferred to a database that the researcher constructed.   
Step 10: Implement the survey 
The questionnaire survey via an online survey instrument was conducted 
from April, 2013 to Jun, 2013. In section 5.3.4, the total number of 
questionnaires distributed and the data collection processes are described. 
 
5.3.3 Pilot study and modification of questionnaire 
 
The literature on research methodology generally agrees on the importance 
of a pilot study as a final check-point before the journey of data collection 
takes off. As stated by Xu and Quaddus (2005:322), “The pilot test has to be 
designed to test the validity of the factors and variables in the final 
comprehensive model. Through the pilot test, it could be decided whether the 
questionnaire was valid for the subsequent national survey”. In this respect, a 
pilot survey would help the researcher to clarify and refine a number of 
concepts and constructs in order to provide a clearer understanding of the 
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area of the research to the rest of the respondents for survey. The pilot 
survey by email was undertaken from March 2013 to April 2013, in the 
Business School of Plymouth University (a group of researchers related to 
sustainability issues) and experts (selected people working in a port). Thirty 
respondents including PhD students, professors, and the experts in charge of 
the shipping business section were involved in the pilot survey. Based on the 
pilot survey results, the final tick-box questionnaire was upgraded and 
devised.  
According to the pilot test, the comments from respondents include the 
following issues. At first, the respondents pointed out the importance of 
starting with the identification of the port name, which enhance accuracy of 
the answers. Secondly, regarding the selection of non-market players group, 
it was found that local community or civic society organisations were 
expected to be limited and would expect difficulties in responding to the 
questions because of their lack of knowledge on port operations and 
performance. To overcome these issues, the target populations of non-
market players group were to focus on researchers/academic groups, which 
may enhance validity of the answers. Thirdly, in terms of the content 
validation, the experts were concerned that they would be a highly biased 
view toward Chinese ports because two Chinese ports are ranked within the 
world top five. To tackle this problem, Shenzhen was excluded from the 
research target ports. Finally, the selected ports are Shanghai (1st), Hong 
Kong (3rd) and Busan (5th). Lastly, to help the respondents understand and 
enhance the accuracy of their answers, providing some examples to explain 
the concept of sustainability practice in port operations was required.  
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Additionally, the tick-box questionnaire was initially in English. In order to 
ensure close communication between respondents and researchers, more 
effective answers and a better response rate (Zhu and Sarkis, 2004), 
translation of the questionnaire was made into two different languages 
(Chinese and Korean) by two of the international shipping and logistics group 
members in Plymouth Business School who are fluent in Chinese and 
Korean, respectively. The back-translation procedure to English by another 
research team member proved that the translation was faithful to the original 
questionnaires. The English version is attached in Appendix B, the Chinese 
in Appendix C and the Korean in Appendix D.    
 
5.3.4 Questionnaire survey 
 
From April, 2013 to June, 2013, a questionnaire survey via an online survey 
instrument provided by Google was undertaken. In terms of sample size, the 
target sample size is approximately 150 from the targeted ports: Shanghai, 
Hong-Kong and Busan. A total of 2,000 questionnaires were distributed to 
four groups of stakeholders encompassing port operators, service providers, 
government bodies and non-market players. The researcher contacted 
members of the sampling frame and sent the questionnaire to key informants 
embracing CEOs, presidents, vice presidents, board members of port 
operations, managers of departments, operation director and others, who are 
able to provide valid judgments of specific practices and performance (e.g. 
Krause et al., 2007; Cousins et al., 2006). In addition, this study seeks a 
single response that represents each organisation. Therefore, the 
questionnaire was sent to 2,000 organisations. All web-based questionnaires 
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were personalised and included a cover letter. Two weeks after the initial 
mailing, the reminder emails were sent to all potential respondents. Those 
organisations that did not respond within another two weeks were contacted 
by personalised email in the last wave. These data collection processes 
including two successive waves of personalised reminder emails yielded 203 
usable questionnaires. The response rate was 10.7%. In order to test the 
non-response bias, this study employed an extrapolation technique to 
statistically estimate non-response bias, which assumes that late responses 
are most similar to non-respondents (Armstrong and Overton, 1977). The first 
quarter of the collected data were compared with the responses in the last 
quarter (see section 7.1.2). Analysis of t-tests of the central tendency of 
responses between the two groups showed no significant difference at 
the .05 level, which indicates that there is unlikely to be any problem with 
nonresponse bias (Wanger and Kemmerling, 2010).    
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5.4 Qualitative research for a preliminary field study 
5.4.1 Prompt sheet for the semi-structured interviews 
 
In order to undertake preliminary field work, a prompt sheet for the semi-
structured interviews was designed to gain spontaneous information as an 
explanatory instrument. As the first stage of the main survey, semi-structured 
interviews with key informants were adopted in this research. The prompt 
sheet was developed to validate the attributes of sustainability practice, 
investigating the relevant issues. Therefore, the prompt sheet was designed 
into two sections. The aim of each section includes (see more details in 
Appendix A):  
 Section A: 1) to identify the importance of sustainability practice in    
port operations in NEA; 2) to understand why it is important and how 
it improves competitive position in port competition. 
 
 Section B: 1) to validate the attributes of sustainability practice in 
mega container port operations, 2) to categorise the relevant issues 
and 3) to investigate the challenges and barriers in adopting and/or 
implementing sustainability practice in their operations.     
 
5.4.2 Data analysis: Thematic analysis 
 
There are a number of approaches proposed to analyse qualitative data 
(Silverman, 2000). However, despite the diverse approaches, there is no 
commonly adopted and standardised approach (Easterby-Smith et al., 2012; 
Saunders et al., 2012). The approach to analyse qualitative data can be 
adopted according to research questions and/or objectives (Bryman and Bell, 
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2011), In this study, to understand the specific and general feature of 
sustainability practice and to validate the attributes, thematic analysis which 
emphasises pinpointing, examining, and recording patterns within data was 
employed (Virginia and Clarke, 2006), following a three-stage process of 
qualitative data analysis suggested by Miles and Huberman (1994); Figure 
5.3 describes the three-stage process including data reduction, data display 
and conclusion drawing.  
 
 
                         Figure 5.3 Process of qualitative data analysis 
 
Data reduction 
Data reduction refers to the process to select, simplify, abstract and 
transform the data (Virginia and Clarke, 2006).  Therefore, the data reduction 
processes consists of data coding, writing summaries, and identifying 
clusters (Miles and Huberman, 1994). This study has produced data codes 
based on literature reviews in order to achieve research objectives which 
validate the attributes of sustainability practice in NEA.  Prior to coding the 
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data, the respondents are asked to show the importance of each attribute, 
following the research objectives. Interview results were summarised to 
identify clusters, after which the relevant issues were arranged into 
categories according to the data codes, which produced the cluster of 
sustainability practice and paved the way for data displays and the drawing of 
conclusions.    
Data displays 
The results of data collected can be organised and condensed for conclusion 
drawing through data displays. The main aims of data display are to reduce 
and systematise complex information into selective and easily understood 
configurations (Saunders et al., 2012). Graphs, tabulations and charts are 
commonly employed for data displays to justify the final conclusions, which 
assists the researcher in further analysis and to derive further conclusions 
(Bryman and Bell, 2011; Miles and Huberman, 1994). In this study, the 
importance of the attributes was displayed by graph (see section 6.3.1), and 
the concept of sustainability practice encompassing the relevant issues was 
illustrated using the diagram (see section 6.3.2).    
Conclusion drawing 
The final stage for qualitative data analysis was conclusion drawing. To 
provide valuable insights for the main issues, the presentation was focused 
on validating the attributes of sustainability practice and conceptualising it in 
the context of container port operations (see section 6.4).  
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5.4.3 Appropriateness and credibility of qualitative research 
 
The validity and reliability of interview-based qualitative research is 
commonly associated with the credibility of the research process and its 
appropriateness to the phenomena investigated, as there is no standardised 
empirical test for qualitative data (Bryman and Bell, 2011; Winter, 2000). The 
current study attempted to enhance the appropriateness and credibility of the 
findings of interviews. At first, the interview prompt sheet applied in this study 
was developed from comprehensive literature reviews. According to 
Easterby-Smith et al. (2012) and Saunders et al. (2012), a well-designed 
interview prompt sheet enhances interview process validity, keeping the 
inquirer on track as data collection proceeds. Secondly, the technique of the 
key informant method to select interviewees as mentioned in section 5.2.2 
was employed, which enhances the validity of the findings (Easterby-Smith et 
al., 2012). Thirdly, in terms of the interview data, the transcriptions of 
interview results were sent back to the interviewees for obtaining their 
endorsement, as appropriateness and credibility can be reviewed by the 
respective respondents (Bryman and Bell, 2011). As a result of it, there was 
no significant feedback from sending back the transcriptions. Additionally, 
with respect to the validity of interview content, during the interviews, the key 
informants were asked to review the interview prompt sheet to see whether 
the contents are acceptable or not (Winter, 2000).    
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5.5 Quantitative research: the questionnaire survey 
5.5.1 Questionnaire for empirical investigation   
 
In the tick-box (web-based) questionnaire for collecting quantitative data in 
the major container ports in NEA, this study employed a five-point Likert 
scale. The operational situation of each port, level of implementation of 
sustainability practice, and their performance compared to the major 
competitors, were measured using a five-point Likert scale ranging from 1 – 
strongly disagree to 5 – strongly agree. The respondents are asked to tick (√) 
one box to show their degree of agreement by checking one of five response 
categories in each statement.  
The questionnaire was designed into four sections. At first, in order to 
achieve primary information, section A is designed for the identifying 
respondent profile, which includes port name, job title, work experience, 
number of employees, and category of organisation. Section B was to identify 
operational situations of mega container ports in four dimensions of 
competitiveness such as port availability, operational efficiency, port costs 
and service quality. Each dimension includes the five measurement items. In 
section C, the four questions to investigate the level of implementing 
sustainability practice were asked, respectively. Lastly, section D includes the 
five questions to evaluate their performance compared to the major 
competitor over the last three years. The questionnaire was translated into 
three different languages including English, Chinese, and Korean (see 
Appendix B, C and D).  
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5.5.2 Statistical procedures: Parametric tests 
 
Statistical procedures are broadly classified into parametric and non-
parametric tests. Parametric tests rely on an assumption of approximate 
normality in the underlying population and the parameters of the assumed 
distribution while non-parametric tests are valid for both normally and non-
normally distributed data (Nisbet et al., 2009). Although non-parametric 
procedures do not require parametric assumptions because of the fact that 
interval data are converted to rank-ordered data (e.g. Wilcoxon signed rank 
test), this study adopted parametric procedures because non-parametric 
procedures are criticised for the following reasons (Yu, 2014:3): 
- Unable to estimate the population: Because non-parametric tests 
do not make strong assumptions about the populations, a researcher 
could not make an inference that the sample is an estimate of the 
population parameter  
 
- Low power: The statistical power of non-parametric tests is lower 
than that of their parametric counterpart except on a few occasions 
(Freidlin and Gastwirth, 2000; Tanizaki, 1997) 
 
- False sense of security: It is generally believed that non-parametric 
tests are immune to parametric assumption violations and the 
presence of outliers. However, Zimmerman (2000) found that the 
significance levels of the WMW test and the KW test are substantially 
biased by unequal variances even when sample sizes in both groups 
are equal. In some cases the Type error rate can increase up to 40-
50%, and sometimes 300%.The presence of outliers is also 
detrimental to non-parametric tests. Zimmerman (1994) outliers 
modify Type II error rate and power of both parametric and non-
parametric tests in a similar way. In short, non-parametric tests are 
not as robust as what many researchers thought. 
 
- Testing distributions only: Further, non-parametric tests are 
criticized for being incapable of answering the focused question. For 
example, the WMW procedure tests whether the two distributions are 
different in some way but does not show how they differ in mean, 
variance, or shape.  
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Although non-parametric tests seem not to be advisable, as an alternative, a 
WMW (Whitney-Mann-Wilcoxon) test and KW (Kruskal-Wallis) test are 
recommended in some situations where the sample size is similar, the 
variances are equal and regardless of the shape of the distribution (Skovlund 
and Fenstad, 2001). However, as cited above, the significance levels of the 
WMW test and the KW test are substantially biased by unequal variances 
even when sample sizes in both groups are equal (Zimmerman, 2000). As 
reported by Zimmerman (2000), the type error rate (incorrect rejection of a 
true null hypothesis and incorrect failure to reject a false null hypothesis) can 
increase substantially in some cases. Moreover, this study aims to examine 
the feasible relationships between variables. As a regression model assumes 
the absence of auto correlation, collinearity, random residuals…etc., the data 
should be multivariate normal in structural equation modelling (Yu, 2014; Hult 
et al., 2007). Therefore, to achieve research objectives and overcome the 
limitation of non-parametric tests, parametric procedures that assume normal 
distributions are employed in this study. In addition, parameters such as 
means, standard deviations, and proportions are all important values to 
present the population (Nisbet et al., 2009). Therefore, to derive implications 
from the population, this study analysed the population with estimates of 
parameters and confidence intervals, which follows parametric procedures. 
Section 7.2 displays parametric procedures including screening for outliers, 
checking the normality of the data, and reliability and validity of measurement 
model.   
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5.5.3 Hypothesis testing: Hierarchical moderated regression analysis  
 
This study aims to analyse the role of sustainability practice as a moderator 
on the relationship between MPC and OP. An analysis of moderating effects 
facilitates understanding of the relationship between variables, particularly 
affecting the strength of the relationship between an independent variable 
and a dependent variable (Baron and Kenny, 1986). 
 
 
 
 
                         Figure 5.4 Moderation relationship mode      
 Source: Jaccard and Turrisi (2003: 2) 
 
 
 
 
 
 
 
 
 
 
Figure 5.5 Moderation analysis model including the interaction term   
Source: Baron and Kenny (1986:1174) 
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A moderator is a variable that specifies conditions under which a predictor 
variable (X) is related to an outcome (Y), namely, the moderating effect 
presents that a moderating variable (M) changes the strength of the 
relationship between a dependence variable (X) and an independent variable 
(Y). Figures 5.4 and 5.5 present the moderation relationship model and 
moderation analysis model including the interaction of the predictors (Jaccard 
and Turrisi, 2003; Baron and Kenny, 1986). In this study, based on prior 
studies (Verma, 2013; Hult et al., 2007; Jaccard and Turrisi, 2003; 
Raudenbush and Bryk, 2002), variations arising from implementing 
Sustainability practice in managing the relationship between MPC and OP 
are analysed using hierarchical moderated regression analysis in SPSS 21.    
In HMRA, to analyse the impacts of M on the relationship between X and Y, a 
two-step process was applied: “one with the main effects-only and a second 
with both main effect and the interaction term” (Hartmann and Moers, 
1999:294). As recommended by Hult et al., (2007), the following regression 
equation was analysed in the two step hierarchical analysis: 
                           ………………………………………. (5.1) 
Where  
Y = dependent variable,  
β01 = intercept,  
   = coefficient, 
  = independent variable,  
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X2= moderator variable,  
     = the interaction term,  
and ε = random disturbance terms.  
In the analysis, the predictors were, in regular sequence, entered into 
hierarchical regression analysis: the main effects entered in step 1, followed 
by the interaction term added to the initial model (Jaccard and Turrisi 2003; 
Hartmann and Moers 1999). To estimate the multiple regression coefficient 
(  ) in an equation, the technique of least-squares was applied, as the overall 
solution which minimises the sum of the squared residuals (Bjorck, 1996).  
 
Steps in Testing Moderation 
 
Literature provides several steps in testing moderation in SPSS (Verma, 
2013; Levesque and SPSS Inc., 2006; Sidney Tyrrell Inc. 2009). Verma 
(2013) noted that “In analysis of the impact of a moderator variable on the 
relationship between the two variables X and Y, we must show that the 
nature of this relationship changes as the values of the moderating variable 
M change”.  This can be demonstrated by including an interaction effect in 
the model and checking the changes such as whether an interaction is 
significant and/or it helps explain the variation in the relationships between X 
and Y (Jaccard and Turrisi 2003; Hartmann and Moers 1999; Tacq, 1998). In 
more explicit terms, the following steps should be followed (Levesque and 
SPSS Inc., 2006: http://www.spsstools.net/SPSS_Programming): 
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 First, standardise all variables to make interpretations easier 
afterwards and to avoid multicollinearity (the SPSS process described 
below does this automatically). 
 
 Second, manually create product terms for the predictor and 
moderator variables (product terms are created automatically). 
 
 Third, fit a regression model (block 1) predicting the outcome variable 
Y from both the predictor variable X and the moderator variable M. 
Both effects as well as the model in general (R2) should be significant. 
 
 Fourth, add the interaction effect to the previous model (block 2) and 
check for a significant R2 change as well as a significant effect by the 
new interaction term.  
 
 Fifth, interprets the results of HMRA. (If both fit a regression model in 
block 1 and R2 changes in block 2 are significant, then moderation is 
occurring. If the predictor and moderator are not significant with the 
interaction term added, then complete moderation has occurred. If the 
predictor and moderator are significant with the interaction term added, 
then moderation has occurred, however the main effects are also 
significant).  
 
In addition, the previous studies on the moderation analysis recommended 
alternative sup-group analysis to clearly identify the difference between 
different groups (Henseler and Fassott, 2010; McCole et al., 2010). To 
compare between groups in a ‘multi-sample’ approach, Henseler and Fassott, 
(2010:720) mentioned that “When the moderator variable is categorical (as, e. 
g., sex, race, and class) it can be used as a grouping variable without further 
refinement. However, when a metrically scaled variable is used as a grouping 
variable, it first has to be transformed into a categorical variable”. On the 
other hand, Henseler and Fassott, (2010) argued that if the indicators have 
no interpretable mean such as formative constructs, the moderator variable’s 
latent variable score can be used to divide groups, instead of the indicator 
values (Henseler and Fassott, 2010).   
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To split groups, there are two popular methods: the so-called mean split and 
median split (Verma, 2013; McCole et al., 2010).   
 The so-called mean split: Observations whose moderator score is 
above the mean, are grouped into “high” having a high moderator 
value, while observations whose moderator score is below the mean, 
are grouped in to “low” group.  
 
 The so-called median split: If the moderator values are above the 
median, the grouping value is “high”; otherwise if the values are below 
the median, the grouping value is “low”. 
 
The selection of the suggested grouping methods depend on the 
researcher’s choice and/or research questions (Verma, 2013; Henseler and 
Fassott 2010; McCole et al., 2010). Therefore, to clearly evaluate difference 
from the level of implementation, the high and low groups in this study were 
identified using the mean values of the moderator variable’s latent variable 
score.   
In sum, based on prior studies on HMRA (Verma, 2013; Hult et al. 2007; 
Hartmann and Moers, 1999), this study performed empirical research to 
analyse the moderating role of sustainability practice on the relationship 
between MPC and OP. Additionally, sub-group analysis through independent 
sample t-tests was conducted to identify the difference between high and low 
groups. IBM SPSS 21 (New York, United States) software was utilised to 
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achieve research objectives. The results of statistical data analysis are 
presented in chapter 7.  
 
5.5.4 Validity and reliability of quantitative research 
 
Validity and reliability are critical issues in any empirical social research, 
determining the quality of an empirical study (Bryman and Bell, 2011). 
Reliability of survey results is often tested by replication (Collis and Hussey, 
2003). Then again, there are two types to infer the validity of a measure; 
content validity and construct validity encompassing unidimensionality 
convergent and discriminant validity (Sekaran and Bougie, 2009; Steenkamp 
and van Trijp, 1991). Content validity measures the extent to which data 
adequately covers the concept (van Saane et al., 2003), while construct 
validity measures the degree of similarity between instruments that are 
supposed to be highly correlated (convergent validity), the extent of 
differences between different concepts (discriminant validity), and validity of 
one construct underlying a set of items (unidimensionality) (Steenkamp and 
van Trijp, 1991). Therefore, validity can be used to measure appropriateness 
of research contents and instruments whilst reliability is concerned with 
accuracy of the research results.  
Validity  
As mentioned above, the validity of a measure includes content validity and 
construct validity encompassing convergent and discriminant validity. 
Content validity is generally concerned with appropriateness and relevance 
establishing the correspondence between theoretical constructs and 
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measurement items (Mentzer and Flint, 1997). Therefore, content validity 
exists when the domain of the characteristics is appropriately reflected by the 
scale items (Churchill, 1992).  For example, if a research instrument involves 
a representative characteristic of the universe of the subject investigated in 
research, it is considered as having relevant content validity. On the contrary, 
domains different from the domain of the variables investigated indicate a 
lack of content validity (Cooper and Schindler, 2011). However, there is no 
rigorous way to statistically test content validity (Dunn et al., 1994), in which 
content validity is largely depending on a subjective judgment of the 
researcher (Garver and Mentzer, 1999; Churchill, 1992). Nevertheless, 
literature provides that content validity can be certified from a comprehensive 
literature review (Bryman and Bell, 2011) and interviews with practitioners 
and academics (Li et al., 2006). This study tested the content validity of the 
research instrument through both a comprehensive analysis of the relevant 
literature and interviews with port practitioners.  
On the other hand, construct validity can be supported by unidimensionality, 
convergent and discriminant validity (Dunn et al., 1994). At first, 
unidimensionality signifies the existence of one construct underlying a set of 
measurement items (Steenkamp and van Trijp, 1991). As proposed by 
Segars (1997), a CFA of a multiple-indicator measurement model can directly 
assess unidimensionality, which overcomes traditional techniques adopted to 
evaluate unidimensionality such as Cronbach’s Alpha and item-total 
correlations. 
Secondly, convergent validity refers to the degree of correlation between a 
latent variable and items designed to measure the latent variable (Garver and 
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Mentzer, 1999). The correlations between a latent variable and items should 
be relatively high within the same common factors and this can be assessed 
by each indicator’s estimated coefficient (Koufteros, 1999; O’Leary-Kelly and 
Vokurka, 1998; Segars, 1997). According to Anderson and Garbing 
(1988:16), “convergent validity can be assessed from the measurement 
model by determining whether each indicator’s estimated Pattern coefficient 
on its posited underlying construct factor is significant (greater than twice its 
standard error)” In this study, the convergent validity was estimated by factor 
loading and t-values (Joreskog and Sorbom, 1993; Anderson and Garbing, 
1988). Additionally, R2-values were examined, which measure the strength of 
the linear relationships (Joreskog and Sorbom, 1993). 
Lastly, discriminant validity means the extent to which the set of items 
representing a latent variable are discriminated among other constructs (Hair 
et al., 2010). There are two ways to assess discriminant validity. According to 
Anderson and Garbing (1988:416), discriminant validity is evaluated by 
“constraining the estimated correlation parameter between them to 1.0 and 
performing a chi-square difference test on the values obtained for the 
constrained and unconstrained models”. Therefore, this study evaluated 
discriminant validity by two independent methods. At first, the inter-
correlations (the correlation coefficients) between the constructs used are 
assessed to evaluate discriminant validity. Additionally, this study compared 
all possible pairs of the constructs. As suggested by Bagozzi and Phillips 
(1982), the pairwise CFA models run twice, and then compared to a chi-
square difference between the constrained and unconstrained models. In a 
comparison, if the Δ    value is significant lower (<3.84), discriminant validity 
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is not supported (Diamantopoulos and Siguaw, 2000). Significant difference 
between two models on a chi-square comparison indicates that the 
constructs are discriminate between each other (Hult et al., 2007).  
Reliability  
Reliability means that the results of a study are repeatable (Bryman and Bell, 
2011) and can be measured by a number of empirical methods such as test-
retest, split-half, Cronbach’s Alpha, and a composite reliability approach 
(McDaniel and Gates, 2011; Mentzer and Flint, 1997; Fornell and Larcker, 
1981). Among them, the test-retest and split-half approach involves the 
serious problem arising from the researcher or respondents such as a 
treacherous memory to the first answers and high dependence on how the 
researcher splits the items. Therefore, Cronbach’s α is widely employed as a 
reliability test in social science research where a high Cronbach’s α can be 
interpreted as implying high internal consistency of the responses (Pallant, 
2007). However, some limitations exist in Cronbach’s α approach. For 
instance, a measuring scale is inflated when the construct has a number of 
items to measure and all the items measured have equal reliability (Gerbing 
and Anderson, 1988). Regarding these limitations, the CFA approach offers 
more rigorous tests for reliability measurement by offering the composite 
reliability of each construct and variance extracted (Hair et al., 2010; Garver 
and Mentzer, 1999; Fornell and Larcker, 1981). The formula to calculate the 
construct reliability specifies that 
                      
 ∑                        
 ∑                         ∑  
……………………… (5.2) 
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Where the standardised loading is obtained from the estimated output in CFA 
and     is the measurement error for each item. As the complementary 
measure of the construct reliability value, the variance extracted measure is 
calculated as  
                   
∑                      
∑                       ∑  
…………………………… (5.3) 
The acceptable value for construct reliability and variance extracted exceed 
0.70 and 0.50, respectively (Hair et al., 2010; Garver and Mentzer, 1999; 
Fornell and Larcker, 1981).  
 
5.6 Summary 
 
This study employed a two-phase research design including a preliminary 
field study through interviews and empirical investigation via questionnaire 
survey, combining qualitative and quantitative methods for data collection 
and data analysis. As a pragmatist rejects the either-or choice between 
qualitative and quantitative methods, the most import aspect of adopting a 
research method critically depends on the nature of the research and its 
objectives, rather than constraining the research method by a specific 
philosophical paradigm. Therefore, in order to achieve research objectives, 
the philosophy of pragmatism has underpinned the researcher’s choice of a 
combined method including qualitative and quantitative methods in this study. 
To collect both quantitative and qualitative data, this study employed semi-
structured face-to-face interviews and questionnaire survey. The interviews, 
as preliminary field work, aimed to validate the attributes of sustainability 
 155  
 
practice and to obtain useful insights for understanding the concept of them 
in mega container port operations in NEA. Further, the purpose of empirical 
investigation was to examine the feasible relationships between variables, 
using practitioner survey responses in major container ports in NEA.  
Data collection was carried out from October 2012 to June 2013. After 
conducting interviews, a questionnaire was developed based on 
comprehensive literature reviews and insights gained from interviews. The 
questionnaire developed was updated by pre-tests through pilot study. Finally, 
the questionnaire was distributed to the major container ports in NEA of 
Shanghai, Hong-Kong and Busan. 
When considering the methodological concerns, a combined method had 
been conducted by sequentially mixing methods. The results of both 
qualitative and quantitative data analysis are presented in the following two 
chapters. Chapter 6 will present the findings of the preliminary field study of 
research based on interviews. In the following chapter, the finding of the main 
phase of empirical research by questionnaire will be presented.  
Based on the findings of these two phases of the research process, the 
research aims and objectives will be achieved. In order to obtain rich and 
reasonable conclusions, the findings will be discussed and highlighted in 
chapter 8.      
   
 156  
 
CHAPTER 6: SUSTAINABLITY PRACTICE IN 
MEGA CONTAINER PORT OPERATIONS: 
THE PORT STAKEHOLDERS’ VIEW 
 
This chapter presents the results of interviews. Prior to the empirical 
investigation, the identification of the attributes of sustainability practice was 
important to analyse in order to determining role on the relationship between 
competitiveness and performance. Therefore, to validate the attributes of 
sustainability practice and to investigate the relevant issues in mega 
container port operations, interviews were undertaken in early 2013 at Busan 
port in South Korea, ranked within the world’s top five busiest container ports. 
Sample profiles are detailed in the first section. Section 6.2 describes data 
reduction processes including coding, writing summaries, and identifying 
clusters. After displaying the findings in section 6.3, conclusions are drawn in 
section 6.4. Lastly, the whole chapter is summarised in the last section.         
 
6.1 Sample profiles 
 
Ports have a complex organisational and technical structure and a number of 
stakeholders engaged in port operations (Denktas and Karatas, 2012; Cheon 
and Deakin, 2010; Notteboom and Rodrigue, 2008). Therefore, how ports 
can achieve sustainability is a crucial issue for port operators, as well as for 
all associated stakeholders (Dinwoodie et al., 2012). Under these 
considerations, the interviewees are composed of various interests in 
sustainability issues to accomplish sustainable port development.  
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Twelve interviews comprised four groups of stakeholders, all Koreans 
engaged in the port industry for over twenty years, with three in each group 
spanning internal stakeholders (port operator) and external stakeholders 
including economic/contractual external (e.g. terminal operators), public 
policy (e.g. government bodies) and community/academic groups. Experts in 
various high positions in their organisation, with a significant knowledge in 
the research topics, were selected as advised by Phillips (1981) to avoid 
deficiencies of knowledge. Table 6.1 displays the details of samples.  
 
 Table 6.1 Sample profile for interview 
Group Organisation+ Department (Position) Location 
Port 
authority 
BPA Port operation (Vice president) Busan, Korea 
BPA Port operation (Senior Manager) Busan, Korea 
BPA Green growth team (Team Manager) Busan, Korea 
 
Terminal 
operator 
BNCT Terminal operation (Team Manager) Busan, Korea 
KBCT 
Terminal operation (General 
Manager) 
Busan, Korea 
HBCT Terminal operation (Senior Manager) Gyeongnam, Korea 
 
Government 
agency 
GPG Port support (General manager) Gyeongnam, Korea 
BPG 
Harbour and Logistics (General 
manager) 
Busan, Korea 
GPG Port development (Senior manager) Gyeongnam, Korea 
 
Institutional 
Group 
KMI Maritime transport (Researcher) Seoul, Korea 
KNU International shipping (Professor) Gyeongnam, Korea 
KMU Marine environment (Professor) Busan, Korea  
+ BPA (Busan Port Authority); BNCT (Pusan New Container Terminal); KBCT 
(Korean Pusan Container Terminal); HBCT (Han-jin Pusan Container Terminal); 
GPG (Gyeongnam Provincial Government); BPG (Busan Provincial Government); 
KMI (Korean Maritime Institute); KNU (Kyeongsang National University); KMU 
(Korean Maritime University).  
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6.2 Data reduction  
 
Prior to analysing the interviews, data reduction processes were conducted. 
At first, the importance of sustainability practice was evaluated using a five-
point Likert Scale ranged from 1 – not very important to 5 – very important, 
investigating the strategic goals of sustainability practices. Based on prior 
studies, the four critical attributes of sustainability practice were adopted from 
literature as a set of themes to categorise the relevant issues. Namely, the 
attributes were utilised for coding and clustering all the relevant issues.  
The importance of the attributes including environmental technologies, 
monitoring and upgrading, internal growth, and communications and 
cooperation were evaluated using a five-point Likert Scale (1 – not very 
important to 5 – very important), after which the respondents were asked to 
cluster the relevant issues under the attributes. Some of the relevant issues 
covered a broad range of topics which were directly related to the core issue 
of port competitiveness or sustainability, such as ‘efficiency’ and ‘reliability’. 
Others dealt with broader issues, such as ‘stakeholders’ relationship, 
employee engagement and internal system growth’. Lastly, the challenges 
and barriers in carrying out sustainability practises in NEA have also been 
investigated and coded. In addition, the translation of the interview results 
was made into English and a frequency analysis employed to analyse the 
contents translated. Interview questions and data codes are detailed in 
Appendix A.   
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6.3 Data displays 
6.3.1 The importance of sustainability practice  
 
All the interviewees agreed on the importance of sustainability practice in port 
operations, as well as that it contains wide-ranging practices to successfully 
respond to a rapidly changing business environment. Further, they noted that 
a comprehensive approach to understanding sustainability practice is 
important to define and to investigate the role of sustainability practice in 
commercial port operations, particularly in a highly competitive business 
environment. The following descriptions present a port stakeholder’s view 
regarding the importance of sustainability practice and a comprehensive 
approach to understand it in commercial port operations.   
 
“With broadening port functions as an economic catalyst and central 
position of industries related to international trade, economic stability 
and corporate responsibility shed new light on port operations. With 
increasing worldwide concern about the environmental impacts of 
international maritime transport, the regulation to protect environment 
has been strengthened in various fields, and in the shipping/port 
industry, as well. Moreover, countless port development projects were 
behind the multiple environmental problems related to port activities in 
and around. Accordingly, ports need to comply with social and 
environmental regulations, accommodating stakeholder expectations. 
This will force changes in port competition.”   
- General Manager of Gyeongnam Provincial Government – 
“With high attention to environmental and social issues in port 
operations, adopting and implementing sustainability practice in NEA is 
critical for responding to a rapidly changing business environment. 
Sustainability practices can be different from different industries. In 
commercial port operations, operational sustainability must take into 
account in company with financial, environmental and social 
sustainability. Therefore, ports in NEA need to adopt appropriate 
sustainability practices which are not decline an overall productivity 
under consideration of financial, environmental-social, and operational 
issues.”    
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– Vice president of Busan Port Authority– 
“Ports operate in an environment of dynamic competition. Therefore, 
they should constantly review sustainability practice to perform their 
business consistently in a highly competitive environment. In the 
intensified port competition to be a regional gateway port in NEA, if our 
port loses attractiveness, it means that we lose operational 
sustainability as an international logistics hub. Therefore, sustainability 
practice in our port incorporates all practices which aim to achieve 
outstanding port activities, thereby improving operational sustainability.”   
- Senior manager of Han-jin Pusan Container Terminal –  
“Sustainability in ports necessitates the simultaneous pursuit of 
economic prosperity, environmental quality and social responsibility. 
The aim of sustainability practices including green technologies, 
monitoring, upgrading, communication and cooperation should be not 
only to reduce negative environmental impacts, but also to improve 
overall port activities (e.g. resource, time and cost efficiency, 
productivity and reliability). Through corresponding improvements in 
sustainability, the port may be able to achieve more economic stability 
and continuous improvements in subsequent performance within the 
bounds of the environmental regulations”   
-  Professor of Kyeongsang National University – 
After identifying the importance of sustainability practice in port operations, 
strategic goals were investigated because the strategic goals can be 
interpreted as the decision making factors for strategic initiatives and 
introduction. In face-to-face interviews, as the first step, to identify the 
background of strategic initiatives of sustainability practises in container port 
operations, the goals were grouped into three principal perspectives. Each 
was defined by grouping comments which identified the same concept, into 
the groups discussed in the literature review.  
A single goal mentioned by only one or two groups was insufficient to justify 
adoption because the goals for sustainability practises must accommodate 
generic stakeholder expectations and each group evaluates performance 
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from a different perspective. For example, in government body and academic 
group perspectives, return on investments include various benefits such as 
job creation, good working environment, and value-added creation which port 
operators and terminal operators classify as financial profits. Further, risk 
reduction was also excluded because it embraces all three perspectives and 
can be categorised under other related issues such as reliability classified 
into port image improvement. Therefore, the goals in this topic were adopted 
based on agreement within all groups of respondents, which enhance 
operational sustainability. 
The goals identified for this topic generated a high degree of overlap between 
the four groups of stakeholders. The goals highlighted in Figure 6.1 were 
identified under three perspectives, which were agreed by all different 
stakeholders, using labels of container traffic growth, low environmental 
impacts and corporate responsible image making as a marketing strategy, 
operational efficiency through internal process improvement, and efficiency of 
the use of the port area and sustainable growth.  
 
Figure 6.1 Strategic goals of sustainability practises in port operations 
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After identifying strategic goals, the respondents asked to tick one category 
to show the importance of each attributes of sustainability practice, using a 
five-point Likert Scale ranged from 1 – not very important to 5 – very 
important. Figure 6.2 presents the importance of the attributes of 
sustainability practice. The mean values of environmental technologies, 
monitoring and upgrading, internal growth, and communication and 
cooperation were 5.00, 4.25, 4.66, and 5.00, respectively. The respondents 
recognised that four attributes are significantly important for conceptualising 
sustainability practice in container port operations in NEA, as shown in figure 
6.2. In particular, the respondents spoke with one voice; they all agreed on 
the importance of environmental technologies and communication and 
cooperation. 
 
 
Figure 6.2 Importance of the attributes of sustainability practice 
This result shows that the attributes of sustainability practice in prior studies 
on sustainable development of maritime operations in Europe such as 
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Murillo-Luna and Ramon-Solans-Prat (2008) and Dinwoodie et al. (2012) are 
utilisable in analysing the concept of sustainability practice in container port 
operations in NEA. In particular, the four attributes for sustainable 
development of maritime operations in ports such as commercial missions, 
innovative solutions to respond to pressures from competitors, stakeholder 
engagement, and the importance of accessible generic business process 
framework identified by Dinwoodie et al. (2012) were confirmed again in this 
research.   
 
6.3.2 Main categories of sustainability practice 
 
The relevant issues were investigated and clustered into four attributes. Four 
attributes of sustainability practise encompassing other 31 related issues 
have been derived. Twenty three issues were mentioned by the port operator 
group, twenty nine by the terminal operator group, nineteen by government 
bodies, and fifteen by an academic group. Figure 6.3 illustrates the structure 
of sustainability practice underpinning four attributes, categorising the 
relevant issues mentioned. Additionally, the identified practices in this topic 
have a slightly different view from prior studies due to the different business 
environment and operational systems such as the unique characteristics in 
mega container port operations in NEA. Therefore, the four attributes 
including the related practices can be clarified according to research topic 
and objectives, as the following: 
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Environmental technologies 
Environmental technologies incorporate equipment, methods and procedures, 
and delivery mechanisms that improve energy, cost, and resource efficiency 
(Shrivastava, 1995). In the shipping and ports industry, green port practises 
can be considered as new process innovation, in that innovation means 
significant changes that embody a new idea that is not consistent with the 
current concept of port business and aimed at shaping changes in the 
external environment. Greve and Taylor (2000:55) refer to these innovative 
processes as “a catalyst for organisational change”. Moreover, as argued by 
Porter and van der Linde (1995), process innovation leads to a more effective 
value chain for organisations implying resource productivity, abiding by 
environmental law and regulations. Moreover, enhanced resource 
productivity makes companies more competitive and sustainable, reducing 
the negative effect on the natural environment. This attribute embraces many 
practises: upgrading port facilities and equipment to cut operation costs, 
sustainable building construction in a port and hinterland, enhancing long-
term viability of operation through using renewable and alternative energy 
sources, and expansion of the coastal region facilities. 
Continual monitoring and improvement 
Sustainability practise in a port means a continual process of improvement by 
all parties engaged in port activities. Ports need to effectively respond to 
stakeholder concerns and to communicate the result achieved because ports 
must constantly find innovative solutions to respond to pressures from 
competitors, customers, and regulators. Therefore, the role of a port also 
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includes continual monitoring and improvement for existing and new facilities, 
measuring and reporting on continuous improvement in port operations. 
From an operational perspective, potential benefits influencing 
competitiveness are service quality improvement and service differentiation 
through continuous monitoring and improvement. On the other hand, in terms 
of social-environmental perspectives, continual monitoring and improvement 
practises can improve ports’ reliability alongside risk reduction, be eco-
friendly and create a socially responsible image. 
Operational efficiency through internal growth 
Ports can improve their operational efficiency from various practises including 
automation system, efficiency of the use of the port area, optimising the 
routing of vehicles (modal shift), and provision of facilities for companies to 
maximise their performance. Moreover, from integration processes such as 
IT or system, process and procedures can achieve simplification of 
procedures. Examples include, electronic data interchange (EDI), IT 
integration, joint planning, supply chain integration, and integrated ICT, joint 
ventures, which can reduce turnaround times of ships with cost efficiency. 
Benefits related to ports’ operational efficiency include efficient use of 
resources and energy, cost saving from optimising the routing of vehicles 
(modal shift) and waste reduction. Therefore, ports can also enhance their 
sustainability by improving operational efficiency.  
Co-operation and communication  
Sarkisa et al. (2010) found that the increased stakeholder pressures 
significantly affect the adoption of sustainability practises. As argued by 
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Cheon and Deakin (2010), port authorities and other stakeholders including 
industries, governments, and commodity groups should effectively coordinate 
and cooperate with them in order to respond to the increased pressures of all 
sorts of stakeholders including competitors, customers, and regulators 
(Dinwoodie et al., 2012). Visibility to achieve sustainability depends on the 
sustainability of its stakeholder’s relationship which can be achieved through 
active engagement of all stakeholders of the port infrastructure, which allow 
responding quickly to stakeholder expectations and a changing environment, 
as well as continuing the operational performance of the business and 
distribution network over a long period of time sustainable and with higher 
operational efficiency and service differentiation (Cheon and Deakin, 2010). 
The satisfaction of stakeholders, operational transparency, exchange of 
information and knowledge, active employee participation, and incentives are 
categorised under this attribute. 
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Figure 6.3 Concept of sustainability practice in container port operations 
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6.3.3 Difficulties and barriers for sustainability practice 
 
Additionally, during interviews, the challenges and barriers in carrying out 
sustainability practises have been reported. The challenges present the ports 
in NEA with two problems. First, only limited studies have been focused on 
this sustainability strategy in this region while there are abundant studies in 
the region of Europe and the USA; there are many published “port 
sustainability reports” in the region of Europe and the USA, however nothing 
for NEA so far. Second, various barriers impede sustainable port practise. In 
terms of environmental perspective, the main internal barrier is a perceived 
lack of evidence that the benefits exceed the costs of implementing these 
initiatives in a highly competitive environment (Montabon et al., 2007). 
External barriers include the high initial installation cost of meeting different 
demands and differing expectations of stakeholders in meeting different 
systems of environmental regulation. Respondents reported that ports in 
NEA are, therefore, still concerned about losing competitiveness from 
implementing green practises and reluctant to take a more aggressive 
attribute, as responses have been late and unfocused.  
 
6.4 Conclusions and verification 
 
Interviews were conducted to validate whether the attributes of sustainability 
practice identified from literature is applicable to mega container port 
operations in NEA, investigating the relevant issues. The findings revealed 
that four attributes of sustainability practice extracted from prior studies were 
significant and applicable for conceptualising the construct of sustainability 
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practice in NEA, indicating a high degree of agreement; the mean value of 
the four attributes (i.e. environmental technologies, monitoring and upgrading, 
internal growth, and communication and cooperation) were all over 4.25 in 
importance analysis using a five-point Likert Scale (from 1 – not very 
important to 5 – very important). In addition, based on the other 31 related 
issues identified under the set of attributes, the findings not only help 
understanding of the concept of sustainability practice in container port 
operations, but also provide useful insights for future research and guidance 
for future improvement strategy.  
Based on the results of interviews, this study concludes that the attributes of 
sustainability practice identified from prior studies are applicable to mega port 
operations in NEA. However, several limitations also exist in drawing 
conclusions at this stage, such as 1) the interviews were undertaken in only 
one mega container port, which may imply a biased view in different business 
environments and operational systems, and 2) the findings were identified by 
only a few respondents. Therefore, to enhance the external validity of the 
findings, the construct of sustainability practice was analysed once again 
through questionnaire survey including other mega container ports in this 
region: Shanghai and Hong-Kong. As result of the using 203 samples 
collected from stakeholders engaged in port operations in NEA, the results 
through reliability analysis in SPSS 21 revealed that Cronbach’s Alpha 
indicating reliability of the construct of sustainability practice underpinning the 
four attributes was >0.70, and item total correlation was from 0.600 to 0.692, 
which ensures the construct’s internal consistency and validity (Hair et al., 
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2010; Nunnally, 1978). Therefore, all the attributes of sustainability practice 
were verified and adopted for further statistical analysis.  
 
6.5 Summary 
 
In order to overcome a lack of understanding of sustainability practice in 
mega container port operations in NEA and to validate the attributes, this 
study implemented a preliminary field study through semi-structured face-to-
face interviews at Busan port in South Korea in early 2013, grouping 
interviewees into four sectors of port practitioners including port operators, 
local government/community, service providers and an academic/institutional 
group, with three participants in each group. Based on interview results, this 
chapter identified that the four attributes of sustainability practice (i.e. 
environmental technologies, monitoring and upgrading, internal growth, and 
communication and cooperation) are significant and applicable to mega 
container port operations in NEA, clustering another 31 relevant issues. 
Further, interview results reported the three challenges in adopting and/or 
implementing sustainability practice in NEA: 1) limited studies 2) a perceived 
lack of evidence, and 3) highly competitive environment. The findings of this 
chapter will be further discussed in chapter 8 in a more focused manner 
within the context of relevant literature, after presenting the results of 
statistical analysis in the following chapter.   
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CHAPTER 7: STATISTICAL ANALYSIS  
  
This chapter summarises the results of the empirical research through a 
questionnaire survey. The overall sample profile which includes response 
rate, assessing non-response bias and demographic characteristics of the 
samples collected is described in the first section. Secondly, descriptive 
statistics for the items used and its comparison among the three ports are 
exhibited. The third section elaborates on data preparation and screening, 
item purification in SPSS 21, and validity and reliability of a measurement 
model assessed by CFA in AMOS 21. In the following section, the results of 
statistical analysis which test research hypotheses through a package of 
regression analyses including MRA and HMRA in SPSS 21 are presented. 
Finally, this section ends with a summary of the statistical results.   
 
7.1 Overall sample demographic profile 
7.1.1 Questionnaire response rate 
 
This section exhibits an overview of the research sample returned. The 
sampling frame consisted of stakeholders engaged in port operations. A total 
of 2000 questionnaires were distributed to port stakeholders of the major 
container ports in NEA: Shanghai, Hong-Kong and Busan. Table 7.1 
presents a summary of the response results. Of the initial 2000 
questionnaires distributed to potential respondents, 104 were returned with 
an email failure message due to delivery errors. Accordingly, a total response 
was 203 for an effective response rate of 10.7 % (203/1896). The total 
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response rate of each port was: 48 from Shanghai (10.7 %), 53 from Hong-
Kong (11.0 %), and 102 from Busan (10.6 %), respectively. Although the total 
response rate of 10.7% seems low, it was assumed to be an acceptable level 
considering the following aspects. At first, as examined by statistical power 
analysis using G*Power 3.1 (see 5.2.3), the minimum sample size for the 
current research is 146. Secondly, the total number of respondents is 
approximately 200, which is a sufficient number to examine the causality 
among six predictors (Hair et al., 2010). Under consideration of ‘the 
estimation technique’ and ‘the critical size for predictors’, the sample size in 
this study is considered to be satisfactory for further analysis.          
Table 7.1 Questionnaire response rate 
 Number 
Distributed 
(1) 
Non-
Deliverable 
(2) 
Effectively 
Delivered 
(3)=(1)-(2) 
Total 
Response  
(4) 
Response 
Rate 
(5)=(4)/(3) 
Shanghai 500 44 445 48 10.7 % 
Hong-Kong 500 21 480 53 11.0 % 
Busan 1000 39 961 102 10.6 % 
Total 2000 104 1896 203 10.7 % 
 
7.1.2 Assessing non-response bias 
 
There are two common types of non-response; item non-response and unit 
non-response (Wager and Kemmerling, 2010). Firstly, in order to avoid item 
non-response caused when one or more items are missing, a web-based 
questionnaire loaded with a system that notices an error such as an omission 
and double checks the respondents was devised (Bech and Kristensn, 2009). 
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Therefore, item non-response bias has been avoided in this study. Secondly, 
in terms of unit non-response arising from a failure to gather information such 
as incorrect contact information, delivery errors, or the respondent’s 
temporary absence or ineligibility, a widely-used extrapolation method was 
employed to statistically estimate non-response bias (Wagner and 
Kemmerling, 2010).  
Table 7.2 Comparison of early and late respondents 
 Mean Std. Deviation  
t-value 
 
Sig.  Early 
(N=50) 
Late 
(N=50) 
Early Late 
Operational Efficiency 3.3600 3.2360 .61146 .66846 .968 .336 
Physical Availability 3.6960 3.7200 .60507 .52060 -.213 .832 
Port cost 3.3050 3.1900 .58312 .49115 1.067 .289 
Service Quality 3.7920 3.6160 .64265 .64376 1.368 .174 
Sustainability Practice 3.1900 3.3450 .67302 .69783 -1.130 .261 
Operational Performance 3.3120 3.1680 .93211 .68852 .897 .382 
*.p < 0.05 (2-tailed)   
 
According to Armstrong and Overton (1977), the extrapolation method 
assumes that late responses such as answering later or requiring more 
prodding to answer is most similar to non-response (see Table 7.2). 
Therefore, the sequential data was sorted in chronological order according to 
its arrival time including the first quartile of respondents, 50 (203/4) and the 
last quartile, 50 (203/4). The sample units belonging to the first quartile were 
compared to those belonging to the last quartile. From comparison between 
the first and fourth quartiles of respondents for key constructs, the results 
revealed no significant difference on t-tests at a significance level of .05, 
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which indicates that no problem existed with non-response bias (Wagner and 
Kemmerling, 2010, Armstrong and Overton, 1977). Thus, non-response bias 
is not expected to be a serious problem for further analysis in this study.   
 
7.1.3 Characteristics of the samples collected  
 
This section presents the general characteristics of the sample collected (see 
Table 7.3). Organisation type encompassing four groups of stakeholders are 
individually classified in seven categories: Port Authority (17.7%), Terminal 
Operator (23.6%), Shipping line (11.3%), Inland Shipper (13.3%), 
Forwarder/Cargo Owner (12.8%), National/Local Government (12.8%), and 
Local Community/Researcher (8.4%). Regarding the duration of an 
organisation’s operations, the majority of these organisations were over 20 
years (47.8%) and 5 to 10 years (22.7%), accounting for approximately over 
70 %.  The rest of them including 10-15 years, 15-20 years and less than 5 
years were 14.3 %, 10.8% and 4.4%, respectively.  Furthermore, the results 
identified that diverse organisational size exists within port area, participating 
in port operations. In terms of number of employees, more than 300 account 
for 24.6 %, followed by less than 50 (22.7%), 250-300 (16.3%), 50-100 
(13.8%), 150-200 (8.4%), 200-250 (7.9%) and 100-150 (6.4%). Respondents 
have been with their organisations an average of 17.5 years: Less than 5 
years (7.8%), 5-10 (8.9%), 10-15 (27.1%), 15-20 (33.9%), and over 20 years 
(22.3%). Lastly, most respondents were in the senior group (50.2%) including 
the vice president or above, Board member, Director, Manager of department, 
whereas other groups were represented to a lesser extent: middle level, 30.5% 
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(Assistant manager/director, Section chief, Operational supervisor) and junior 
level representing Operational staff (17.2%).   
Table 7.3 General characteristics of the samples (N=203) 
  Variable Frequency Percentage (%) 
Organisation Type   
Port Authority 36 17.7 
Terminal Operator 48 23.6 
Shipping line 23 11.3 
Inland Shipper 27 13.3 
Forwarder/Cargo Owner 26 12.8 
National/Local Government 26 12.8 
Local Community/Researcher 17 8.4 
Firm’s Age   
Less than 5 years 9 4.4 
5-10 46 22.7 
10-15 29 14.3 
15-20 22 10.8 
Over 20 years 97 47.8 
Number of Employees   
Less than 50 46 22.7 
50- 100 28 13.8 
100-150 13 6.4 
150-200 17 8.4 
200-250 16 7.9 
250-300 33 16.3 
More than 300 50 24.6 
Working Experience   
Less than 5 Years 16 7.8 
5-10 18 8.9 
10-15 55 27.1 
15-20 69 33.9 
Over 20 45 22.3 
Job Position   
Senior  106 52.2 
Middle  62 30.5 
Junior  35 17.2 
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7.2 Descriptive statistics  
 
7.2.1 Descriptive statistics for the item used 
 
Table 7.4 specifies the results of descriptive statistics for the items used.  
This study includes a total of 29 measurement items based on a five-point 
Likert scale, using labels of port availability, operational efficiency, port costs, 
service quality, sustainability practice, and operational performance. This 
section analysed the 29 measurement items used.   
At first, the mean values for the five indicators used in the construct Physical 
Availability were 3.75, 3.81, 3.99, 3.88 and 3.66 respectively on the five-point 
scale. The mean values for the five indicators rated relatively high, above 3.5 
points, and the minimum value was 2 and maximum value was 5 for all the 
indicators excepting for the third item (minimum value is 3). All the five 
indicators in Physical Availability showed a similar pattern for all the items, 
such as high values in both the mean/minimum value. This means that there 
is no strongly negative answer in the psychometric properties of the construct 
of Physical Availability. This might also imply that the target ports have 
relatively well-developed physical and functional facilities. 
Secondly, five measurement items were employed to estimate the construct 
Operational Efficiency. The mean values of the five indicators were 3.27, 
3.51, 3.39, 3.58 and 3.35 on the five-point scale, respectively. The standard 
deviations were between 0.779 and 0.873. The minimum values for the three 
items were 1 and for the two items were 2, while the maximum was 5 for all 
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the five. Relatively high mean values imply that the operational efficiency of 
the target ports is not inferior.  
Thirdly, to assess the construct Port Costs, a total of five measurement items 
were employed. Their mean values were 3.42, 3.29, 3.32, 3.26 and 3.33, 
respectively, and their standard deviations were 0.687, 0.769, 0.696, 0.748 
and 0.691, separately. The minimum value was 2 and the maximum was 5. 
Fourthly, the mean values for the five measurement items in the construct 
Service Quality were between 3.78 and 4.01 and their standard deviations 
were from 0.74 to 0.835, respectively. Additionally, the minimum value and 
maximum value were the same as the construct Port Cost.  
Consequently, the results of the descriptive analysis for the sources of 
competitiveness presents a similar pattern in the mean values of response, 
such as high mean values in most indicators for the sources of 
competitiveness and relatively high value in the minimum values, which 
implies that the target ports are relatively well furnished with regard to the 
determinants of competitiveness in container port operations.    
On the other hand, the response for the constructs Sustainability Practice 
and operational Performance indicated that the minimum and maximum 
values are comparatively well dispersed. In the construct Sustainability 
Practice, for the four items employed to measure the construct, the mean 
values of the employed indicators were 3.35, 3.52, 3.57 and 3.34 and their 
minimum and maximum values were 1 and 5, separately. Then again, the 
mean values for the five measurement items in the construct operational 
Performance were 3.39, 3.44, 3.41, 3.44 and 3.47 and their standard 
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deviations were 0.907, 0.906, 0.898, 0.895 and 0.875, respectively. The 
minimum value of the five indicators was 1, while the maximum was 5.     
This section described the results of descriptive statistics for the items used, 
identifying either no strongly negative answer in the sub-dimensions of 
competitiveness, or well dispersed answers in the assessment of the 
construct of sustainability practice and operational performance. The 
answers are further analysed in the following section in order to identify how 
they differ between the ports.  
 
7.4 Descriptive statistics for the items used 
 
Constructs and Items used 
 
Descriptive Statistics 
Mean SD Min Max 
 
Port Availability 
 
    
1. Port physical capacity  3.76 0.715 2 5 
2. Market niche  3.81 0.774 2 5 
3. Port infrastructure and facilities utilization 3.99 0.652 3 5 
4. Hinterland development  3.88 0.800 2 5 
5. Preference of shipping liner  3.66 0.756 2 5 
 
Operational Efficiency 
 
    
1. Terminal productivity 3.27 0.873 2 5 
2. Low congestion in a port 3.51 0.779 1 5 
3. The speed of container cargo handling 3.39 0.839 1 5 
4. Level of supply chain coordination 3.58 0.782 1 5 
5. Simplification of procedure 3.35 0.791 2 5 
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Port Costs 
 
1. Total transport costs per container 3.42 0.687 2 5 
2. Transhipment costs 3.29 0.769 2 5 
3. Port charges 3.32 0.696 2 5 
4. Cargo handling charges 3.26 0.748 2 5 
5. Port service costs 3.33 0.691 2 5 
 
Service Quality  
 
    
1. Reliability of service performance 4.01 0.835 2 5 
2. Shipment safety and security 3.78 0.804 2 5 
3. Application of IT and EDI in operations 3.98 0.811 2 5 
4. Quick response to port user’s needs 3.98 0.820 2 5 
5. Service differentiation 3.97 0.740 2 5 
 
Sustainability Practice 
 
    
1. Environmental technologies 3.35 0.804 1 5 
2. Continual monitoring and upgrading 3.52 0.779 1 5 
3. Internal process improvement 3.57 0.832 1 5 
4. Cooperation and communication 3.34 0.831 1 5 
 
Operational Performance 
 
    
1. Return on investment  3.39 0.907 1 5 
2. Growth rate on revenue 3.44 0.906 1 5 
3. Profit growth 3.41 0.898 1 5 
4. Market share rate 3.44 0.895 1 5 
5. Customer satisfaction 3.47 0.875 1 5 
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7.2.2 Comparison of the items used among three ports 
 
After descriptive analysis of the measurement items used, attention turned to 
how respondents answered the survey questions related to sources of 
competitiveness, sustainability practice and performance. This section 
presents a comparison of the three ports based on the mean value of the 
items. To compare the answers among the ports, statistical comparisons 
were made by frequency analysis using the mean value of the items in SPSS 
21. In this section, the frequency (percentage), central tendency and 
dispersion are compared and presented.  
 
Operational efficiency 
 
To investigate ports’ information regarding port operational efficiency, the five 
measurement items using a five-point Likert scale were employed. Table 7.5 
summarises the frequency, means and standard deviation with regard to the 
answers for operational efficiency. The three ports’ responses indicated that 
the total means of each items were above 3.0 point and less than 4.0 (OE1= 
3.27, OE2= 3.51, OE3= 3.39, OE4=3.58 and OE5=3.35). Firstly, with respect 
to terminal productivity, Hong-Kong port was reported as the most productive 
in terminal operations, OE1 (mean= 3.50) more than Busan and Shanghai 
port (mean= 3.36 and 3.12, respectively). These tendencies were also 
repeated in the level of supply chain coordination (OE4) and the simplification 
of procedures (OE5), whereas Busan port showed the highest mean values 
among the three ports in the two items relating to low congestion in a port 
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(OE2) and the speed of container cargo handling (OE3). As result, Hong-
Kong port showed the highest mean values in OE1, OE2 and OE5 
(mean=3.50, 3.66 and 3.40, separately), Busan port reported the highest 
values in the two items OE3 and OE4 (mean= 3.55 and 3.51). Figure 7.1 
presents a comparison of the mean values for the five items amongst the 
three ports.  
Table 7.5 Response scale for port operational efficiency 
Items* Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Terminal 
productivity 
(OE1) 
Shanghai . 12.5 41.7 29.2 16.7 3.12 .824 
Hong-Kong . 17 39.6 34 9.4 3.50 .923 
Busan . 19.6 57.8 13.7 8.8 3.36 .879 
Total . 17.2 49.3 22.7 10.8 3.27 .873 
Low congestion 
in a port (OE2) 
Shanghai . 10.4 35.4 43.8 10.4 3.48 .714 
Hong-Kong 1.9 5.7 41.5 37.7 13.2 3.54 .824 
Busan . 8.8 38.2 49 3.9 3.55 .867 
Total 0.5 8.4 38.4 44.8 7.9 3.51 .779 
The speed of 
container cargo 
handling (OE3) 
Shanghai 2.1 16.7 37.5 37.5 6.3 3.37 .795 
Hong-Kong 1.9 9.4 34 45.3 9.4 3.29 .898 
Busan . 12.7 44.1 36.3 6.9 3.51 .869 
Total 1 12.8 39.9 38.9 7.4 3.39 .839 
Level of supply 
chain 
coordination 
(OE4) 
Shanghai 1.9 7.5 35.8 43.3 11.3 3.46 .824 
Hong-Kong . 10.4 43.8 35.4 10.4 3.66 .711 
Busan . 7.8 24.5 61.8 5.9 3.55 .867 
Total 0.5 8.4 32 50.7 8.4 3.58 .782 
Simplification of 
procedure 
(OE5) 
Shanghai . 20.8 33.3 35.4 10.4 3.33 .736 
Hong-Kong . 10.8 50 34.3 4.9 3.40 .768 
Busan . 13.2 37.7 45.3 3.8 3.35 .934 
Total . 13.8 42.9 37.4 5.9 3.35 .791 
 
A comparison of the mean values for the five items of operational efficiency 
among the three ports is depicted in Figure 7.1. The response of the three 
ports indicated a relatively similar range from 3.0 to 4.0 for all the items, while 
the mean values in OE1, OE4 and OE5 of Hong-Kong port were higher than 
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others, and Busan port showed a comparatively high value in OE2 and OE3. 
The findings may imply that Hong-Kong port is relatively superior in terminal 
productivity (OE1), level of supply chain coordination (OE4) and simplification 
of procedure (OE5) among the three ports, and the speed of container cargo 
handling (OE3) of Busan port is considered as the fastest with the lowest 
congestion in a port among the ports compared. On the other hand, 
Shanghai port excluding cargo handling speed (OE3) recorded the lowest 
values in comparison of port operational efficiency among three ports. 
 
*OE1: Terminal productivity; OE2: Low congestion in a port; OE3: The speed of 
container cargo handling; OE4: Level of supply chain coordination; and OE5: 
Simplification of procedure.  
 
Figure 7.1 Comparison of port operational efficiency  
  
Physical availability 
In examining the five measurement items for port availability, the responses 
of the three ports indicated that the overall means of each item were rated 
relatively high, above 3.5 point (PA1= 3.76, PA2= 3.81, PA3= 3.99, PA4= 
3.88 and PA5=3.66). Although the three ports showed a very similar pattern 
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for all the items, the mean values amongst the three ports were slightly 
different, as shown in Table 7.6.  
Table 7.6 Response scale for port physical availability 
Items Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Port physical 
capacity (draft, 
length, and 
depth) (PA1) 
Shanghai . 2 29.4 57.8 10.8 3.87 .810 
Hong-Kong . . 39.6 34 26.4 3.60 .707 
Busan . 2.1 45.8 41.7 10.4 3.77 .659 
Total . 1.5 36 47.8 14.8 3.76 .715 
Market niche 
(PA2) 
Shanghai . 2.9 32.4 51 13.7 3.98 .843 
Hong-Kong . 1.9 30.2 35.8 32.1 3.75 .786 
Busan . 2.1 39.6 39.6 18.8 3.75 .724 
Total . 2.5 33.5 44.3 19.7 3.81 .774 
Port 
infrastructure and 
facilities 
utilization (PA3) 
Shanghai . . 20.8 56.3 22.9 3.95 .619 
Hong-Kong . . 22.6 50.9 26.4 4.02 .668 
Busan . . 21.6 61.8 16.7 4.04 .706 
Total . . 21.7 57.6 20.7 3.99 .652 
Hinterland 
development  
(PA4) 
Shanghai . 3.9 35.3 36.3 24.5 3.96 .733 
Hong-Kong . 1.9 22.6 52.8 22.6 3.94 .755 
Busan . 2.1 25 50 22.9 3.81 .853 
Total . 3 29.6 43.8 23.6 3.88 .800 
Preference of 
shipping liner 
(PA5) 
Shanghai . 4.2 39.6 39.6 16.7 3.62 .676 
Hong-Kong . 3.8 43.4 30.2 22.6 3.69 .803 
Busan . 2.9 40.2 49 7.8 3.72 .863 
Total . 3.4 40.9 41.9 13.8 3.66 .756 
 
Firstly, in terms of port physical capacity such as draft, length, and depth, 
Shanghai port showed a slightly higher mean value (mean= 3.87) compared 
to Busan and Hong-Kong port (mean= 3.77 and 3.60, respectively). These 
tendencies were also discovered in market niche (PA2) and hinterland 
development (PA4), while in the two items of port infrastructure and facilities 
utilization (PA3) and preference of shipping liner (PA5), Busan port indicated 
the highest means among the three ports. Consequently, Shanghai port 
reported the highest mean values in PA1, PA2 and PA4 (mean=3.87, 3.98 
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and 3.96), Busan port showed the highest values in the two items PA3 and 
PA4 (mean= 4.04 and 3.72, respectively).  
Figure 7.2 illustrates a comparison of the mean values for the five items 
amongst Shanghai, Hong-Kong and Busan port. The three ports showed 
similar ranges of the answers between 3.5 and 4.1 for all the items. 
According to the results, the mean values in PA1 and PA2 of Shanghai port 
were higher than others whilst they recorded the lowest values in PA3 and 
PA 5. The findings would imply that Shanghai port is comparatively well 
furnished with regard to physical capacity such as draft, length, and depth 
(PA1) and market niche such as proximity to the import/export area (PA2). 
However, the level of facilities utilization (PA3) and preference of shipping 
liner (PA5) is comparatively low than other ports. In addition, Hong Kong and 
Busan showed the lowest values in physical capacity (PA1) and hinterland 
development (PA4), respectively.  
 
*PA1: Port physical capacity; PA2: Market niche; PA3: Port infrastructure and 
facilities utilisation; PA4: Hinterland development; and PA5: Preference of shipping 
liner. 
 
Figure 7.2 Comparison of port physical availability 
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Port Costs 
Table 7.7 summarised the difference of the frequency, means and standard 
deviation in the port costs construct.  
Table 7.7 Response scale for port costs 
Items Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Total transport 
costs per 
container 
(PC1) 
Shanghai . 13.7 52.9 32.4 1 3.72 .601 
Hong-Kong . 4.2 41.7 50.5 4.2 3.21 .680 
Busan . 1.9 30.2 62.3 5.7 3.54 .651 
Total . 8.4 44.3 44.3 3 3.42 .687 
Transhipment 
costs (PC2) 
Shanghai . 8.3 33.3 45.8 12.5 3.07 .721 
Hong-Kong . 20.6 53.9 23.5 2 3.40 .689 
Busan . 5.7 54.7 34 5.7 3.63 .815 
Total . 13.8 49.3 31.5 5.4 3.29 .769 
Port charges 
(PC3) 
Shanghai . 11.3 37.7 49.1 1.9 3.54 .743 
Hong-Kong . 2.1 54.2 31.3 12.5 3.16 .625 
Busan . 10.8 64.7 22.5 2 3.42 .719 
Total . 8.9 55.2 31.5 4.4 3.32 .696 
Cargo handling 
charges (PC4) 
Shanghai . 11.3 58.5 28.3 1.9 3.38 .703 
Hong-Kong . 6.3 56.3 31.3 6.3 3.24 .811 
Busan . 21.6 35.3 41.2 2 3.21 .661 
Total . 15.3 46.3 35.5 3 3.26 .748 
Port service 
costs (PC5) 
Shanghai . 12.7 43.1 43.1 1 3.40 .631 
Hong-Kong . 7.5 45.3 47.2 . 3.25 .729 
Busan . 10.4 60.4 22.9 6.3 3.32 .706 
Total . 10.8 47.8 39.4 2 3.33 .691 
 
In comparison for the five measurement items for port costs among the three 
ports, the total means of each items were PC1= 3.42, PC2= 3.29, PC3= 3.32, 
PC4= 3.26 and PC5= 3.33.  The results indicated a relatively similar range 
from 3.26 to 3.42. As shown in Table 7.7, the mean values for the four items 
of Shanghai port were higher than the other ports comparing total transport 
costs per container, PC1 (mean= 3.72), port charges, PC3 (mean= 3.54), 
cargo handling charges, PC4 (mean= 3.38) and port service costs, PC5 
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(mean= 3.40). However, transhipment cost (PC2) of Busan port showed the 
highest mean value among the three ports, indicating the mean value of 3.63.  
Regarding port costs among the three ports as shown in Figure 7.3, a 
comparison of the mean values for the five items indicated a relatively clear 
difference; the mean values of Shanghai port in PC1, PC3, PC4, and PC5 
were higher than the other ports compared; Busan port reported the highest 
mean value in the item PC2. The findings may imply that Shanghai port 
offers their service with cheaper costs over the other ports in terms of total 
transport costs per container (PC1), port charges (PC3), cargo handling 
charges (PC4) and port service costs (PC5), while the transhipment cost 
(PC2) of Busan port has an edge in price competitiveness compared to 
Shanghai and Hong-Kong. In addition, Hong Kong port showed the lowest 
values in PC1 and PC3, indicating high price in transport costs per container 
and port charges compared to other ports.  
 
*PC1: Total transport costs per container; PC2: Transhipment costs; PC3: Port 
charges; PC4: Cargo handling charges; and PC5: Port service costs. 
 
 
Figure 7.3 Comparison of port costs 
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Port service quality 
 
To measure the construct of service quality, five measurement items were 
used. Table 7.8 summarised the difference of the frequency, means and 
standard deviation in port service quality.  
Table 7.8 Response scale for port service quality 
 
Items Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Reliability of 
service 
performance 
(SQ1) 
Shanghai . 4.2 16.7 39.6 39.6 3.82 .837 
Hong-Kong . 1.9 11.3 45.3 41.5 4.15 .850 
Busan . 3.9 33.3 39.2 23.5 4.26 .738 
Total . 3.4 23.6 40.9 32 4.01 .835 
Shipment 
safety and 
security (SQ2) 
Shanghai . 6.3 31.3 43.8 18.8 3.58 .724 
Hong-Kong . 7.8 32.4 53.9 5.9 4.21 .769 
Busan . 3.8 9.4 49.1 37.7 3.75 .838 
Total . 6.4 26.1 50.2 17.2 3.78 .804 
Application of 
IT and EDI in 
operations 
(SQ3) 
Shanghai . 2.1 29.2 39.6 29.2 3.88 .824 
Hong-Kong . . 20.8 41.5 37.7 3.96 .824 
Busan . 6.9 19.6 52 21.6 4.17 .753 
Total . 3.9 22.2 46.3 27.6 3.98 .811 
Quick 
response to 
port user’s 
needs (SQ4) 
Shanghai . 2.1 20.8 41.7 35.4 3.73 .785 
Hong-Kong . 1.9 9.4 39.6 49.1 4.10 .805 
Busan . 3.9 36.3 43.1 16.7 4.36 .736 
Total . 3 25.6 41.9 29.6 3.98 .820 
Service 
differentiation 
(SQ5) 
Shanghai . 2.1 27.1 47.9 22.9 3.78 .623 
Hong-Kong . 4.9 17.6 71.6 5.9 4.36 .787 
Busan . 3.8 7.5 37.7 50.9 3.92 .767 
Total . 3.9 17.2 57.1 21.7 3.97 .740 
 
The mean values of each items were relatively high, above 3.50 (SQ1= 4.01, 
SQ2= 3.78, SQ3= 3.98, SQ4= 3.98 and SQ5= 3.97). The results of a 
comparison among the three ports revealed that Busan port recorded the 
highest mean values in reliability of service performance, SQ1 (mean= 4.26), 
application of IT and EDI in operations, SQ3 (mean= 4.17) and quick 
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response to port user’s needs, SQ4 (4.36). However, Hong-Kong port 
showed the highest values in shipment safety and security (SQ2) and service 
differentiation (SQ5).  The mean values were 4.21 and 4.36, respectively.  In 
particular, although Shanghai port showed relatively high mean values above 
3.50,  the mean values regarding port service quality recorded the lowest 
values in all the items compared to Hong Kong and Busan port, indicating 
SQ1= 3.82, SQ2= 3.58, SQ3= 3.88, SQ4= 3.73 and SQ5= 3.78.  
 
*SQ1: Reliability of service performance; SQ2: Shipment safety and security; SQ3: 
Application of IT and EDI in operations; SQ4: Quick response to port user’s needs; 
and SQ5: Service differentiation. 
 
Figure 7.4 Comparison of port service quality 
 
Figure 7.4 illustrates the mean values of the responses for all the items used 
in the construct of service quality. A comparison of the mean values among 
the three ports showed a relatively clear difference. Busan port secured a 
high position in reliability of service performance (SQ1), application of IT and 
EDI in operations (SQ3) and quick response to port user’s needs (SQ4), 
while Hong-Kong port was rated the highest in shipment safety and security 
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(SQ2) and service differentiation (SQ5). On the other hand, Shanghai port 
showed a comparative disadvantage in all the items related to service quality. 
These results compared to the three ports may imply that Busan port 
provides reliable service and quick response to port user’s needs, while the 
services in Hong-Kong port are relatively well differentiated with high safety 
and security.   
 
Sustainability Practice 
 
 
To identify the level of implementing sustainability practice in the three ports, 
respondents rated four measurement items using a five-point Likert scale to 
show their degree of agreement with each statement (from 1– strongly 
disagree to 5– strongly agree). Table 7.9 presents the frequency, means and 
standard deviation with regards to response scale for port sustainability 
practice. In assessing the four items for sustainability practice, the mean 
values of each item ranged from 3.0 to 4.0 (SP1= 3.76, SP2= 3.81, SP3= 
3.99 and SP4= 3.88) and the three ports showed slightly different mean 
values and pattern for all the items. The results of a comparison among the 
three ports revealed that Hong-Kong port scored the highest mean values in 
environmental technologies (SP1) and internal process improvement (SP3). 
The mean values for the two items were 3.66 and 3.71, separately. On the 
other hand, in the items regarding continual monitoring and upgrading (SP2) 
and cooperation and communication (SP4), Busan port showed the highest 
mean values compared to Shanghai and Hon-Kong port, indicating 3.71 and 
3.64, respectively. Shanghai port reported the lowest mean vales in all the 
items (SP1= 3.19, SP2= 3.40, SP3= 3.42 and SP4= 3.30). 
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Table 7.9 Response scale for sustainability practice 
Items Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Innovative new 
process and 
practice (SP1) 
Shanghai 2.1 14.6 29.2 52.1 2.1 3.19 .714 
Hong-Kong . 17.6 46.1 36.3 . 3.66 .854 
Busan . 7.5 35.8 39.6 17 3.38 .841 
Total 0.5 14.3 39.4 40.9 4.9 3.35 .804 
Continual 
monitoring and 
upgrading (SP2) 
Shanghai . 10.4 18.8 60.4 10.4 3.40 .748 
Hong-Kong 1 11.8 34.3 52 1 3.57 .797 
Busan . 13.2 22.6 58.5 5.7 3.71 .798 
Total 0.5 11.8 27.6 55.7 4.4 3.52 .779 
Internal process 
improvement 
(SP3) 
Shanghai . 6.3 22.9 54.2 16.7 3.42 .838 
Hong-Kong . 9.4 30.2 49.1 11.3 3.81 .790 
Busan 2.9 11.8 27.5 55.9 2 3.62 .814 
Total 1.5 9.9 27.1 53.7 7.9 3.57 .832 
Cooperation and 
communication 
(SP4) 
Shanghai 1.9 9.4 20.8 58.5 9.4 3.08 .794 
Hong-Kong 2.1 16.7 56.3 20.8 4.2 3.30 .793 
Busan . 18.6 34.3 45.1 2 3.64 .857 
Total 1 15.8 36 42.9 4.4 3.34 .831 
 
 
A comparison of the mean values for the four items of port sustainability 
practice among the three ports is illustrated in Figure 7.5. The response of 
the three ports indicated relatively similar ranges from 3.0 to 4.0 for all items, 
while the mean values in SP1 and SP3 of Hong-Kong port was prominently 
higher than others, and Busan port showed a comparatively high value in 
SP2 and SP4. On the other hand, Shanghai port recorded the lowest mean 
value in all the items compared to Hong-Kong and Busan port. The findings 
may imply that Hong-Kong port implements comparatively well environmental 
technologies such as innovative new process and practice (SP1) and 
practices to improve internal processes (SP3), while the level of continual 
monitoring and upgrading (SP2) and cooperation and communication (SP4) 
in Busan port is the highest among the ports compared.   
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*SP1: Innovative new process and practice; SP2: Continual monitoring and 
upgrading; SP3: Internal process improvement; and SP4: Cooperation and 
communication. 
 
Figure 7.5 Comparison of port sustainability practice 
 
Operational Performance 
Table 7.10 presents the frequency, means and standard deviation with 
regards to response scale for operational performance in a port. To measure 
performance in Shanghai, Hong-Kong and Busan port, the five measurement 
items were employed. In analysing the five items, the range of the mean 
values for each items were between 3.0 and 4.0. The means were OP1= 
3.39, OP2= 3.44, OP3= 3.41, OP4= 3.44 and OP5= 3.47, respectively, 
showing similar ranges. At first, in profit (OP1), Shanghai port showed the 
highest mean value (mean= 3.53) compared to Hong-Kong (mean= 3.33) 
and Busan (mean= 3.35). This tendency was also identified in Market share 
rate (OP3) and Growth rate on revenue (OP4). The mean values of Shanghai 
port in OP3 and OP4 were 3.56 and 3.66, separately. On the other hand, 
Busan port scored the highest mean value in return on investment (OP2) with 
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3.60. In addition, the highest mean value recorded in customer satisfaction 
(OP5) was Hong-Kong Port (mean= 3.60).  
Table 7.10 Response scale for operational performance  
Items Port Response Scale (%) Mean SD 
(1) (2) (3) (4) (5) 
Profit (OP1) 
 
Shanghai 1 17.6 38.2 33.3 9.8 3.53 .992 
Hong-Kong 2.1 6.3 52.1 33.3 6.3 3.33 .916 
Busan 1.9 13.2 32.1 35.8 17 3.35 .785 
Total 1.5 13.8 39.9 34 10.8 3.39 .907 
Return on 
investment 
(OP2) 
Shanghai . 8.3 52.1 31.3 8.3 3.37 .974 
Hong-Kong . 9.4 37.7 35.8 17 3.40 .765 
Busan 4.9 11.8 33.3 41.2 8.8 3.60 .884 
Total 2.5 10.3 38.9 37.4 10.8 3.44 .906 
Market share 
rate (OP3) 
Shanghai 1.9 11.3 32.1 45.3 9.4 3.56 .823 
Hong-Kong 2.1 6.3 33.3 50 8.3 3.29 .929 
Busan 3.9 14.7 35.3 40.2 5.9 3.49 .891 
Total 3 11.8 34 43.8 7.4 3.41 .898 
Growth rate on 
revenue (OP4) 
Shanghai 3.9 14.7 39.2 35.3 6.9 3.66 .831 
Hong-Kong . 8.3 39.6 39.6 12.5 3.26 .933 
Busan . 9.4 28.3 49.1 13.2 3.56 .823 
Total 2 11.8 36.5 39.9 9.9 3.44 .895 
Customer 
satisfaction 
(OP5) 
Shanghai . 8.3 41.7 43.8 6.3 3.37 .964 
Hong-Kong 2 19.6 26.5 43.1 8.8 3.66 .783 
Busan . 5.7 35.8 45.3 13.2 3.48 .743 
Total 1 13.3 32.5 43.8 9.4 3.47 .875 
 
Figure 7.6 presents a comparison of the mean values for the five items 
evaluating port operational performance among the three ports. The three 
ports showed a relatively similar range from 3.0 to 4.0 for all the items, while 
the mean values in OP1, OP3 and OP4 of Shanghai port were slightly higher 
than others. However, Busan port showed a high position in OP2 and Hong-
Kong port indicated the highest mean value in OP5. Therefore, the findings 
may imply that there has been a major growth of Shanghai port compared to 
the other ports in profit (OP1), market share (OP3) and growth rate on 
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revenue (OP4), whereas a major growth in Busan and Hong-Kong port was 
return on investment (OP2) and customer satisfaction (OP5), respectively.  
 
 
*OP1: Profit; OP2: Return on investment; OP3: Market share rate; OP4: Growth rate 
on revenue; and OP5: Customer satisfaction. 
 
 
Figure 7.6 Comparison of port operational performance 
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7.3 Statistical assessment of measurement model 
 
7.3.1 Data preparation and screening 
 
Prior to generating an input matrix and conducting analysis in any 
multivariate analysis, it is critical to prepare and screen the original data 
carefully for missing data, data distribution normality, and outliers (Hair et al., 
2010; Shah and Goldstein, 2006; Kline, 2005). Therefore, this study 
prudently examined the data collected so as to ensure the powerful 
capabilities of the technique and the accuracy of questionnaire data analysis 
(Hair et al., 2010). First of all, cases with missing data should be eliminated 
for the reliability of the results, in that significant missing values result in 
convergence failures, biased parameter estimates, and inflated fit indices 
(Brown, 1994). As discussed in section 5.1.3, this study employed a system 
in the web-based questionnaire that detects an error including an omission 
and double checking for missing data. This section discusses the results of 
screening for outliers and checking the normality of the data.     
Outliers 
Outliers are present when individual observations are distinctly different from 
other observations in a dataset (Kline, 2005). In order to detect outliers in the 
current study, two independent methods were employed. At first, outliers 
were visually and individually checked by boxplot diagrams in the SPSS 
Explore routine. The results revealed that 43 cases in all the responses at the 
items level were identified as outliers, accounting for 0.73% (43/5887). 
According to Hair et al. (2010), after checking outliers, the researcher should 
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decide whether to retain or discard outliers from the data set. The current 
study retained all the cases due to the following reasons. As argued by Kline 
(2005), in a large sample size, the presence of a few outliers should be of 
trivial concern. In this study, the percentage of outliers in the level of the item 
was very low (only 0.73%). Moreover, there is no sufficient proof to 
demonstrate that the identified 43 cases in all the responses are not a part of 
the population (Hair et al., 2010; Kline, 2005; Tabachnick and Fidell, 2001). 
Therefore, all the data were retained to avoid response bias and the risk of 
losing generalizability. 
On the other hand, in multivariate analysis, outliers can be cases with an 
unusual combination of scores on two or more variables (Kline, 2005; 
Tabachnick and Fidell, 2001). Multivariate outliers are diagnosed by 
Mahalanobis D2 distance test, which measures the distance in 
multidimensional space of each observation from the mean centre of the 
observations (Hair et al., 2010; Tabachnick and Fidell, 2001). In addition, in 
Mahalanobis D2 distance tests, p-values less than 0.001 are considered as 
outliers in multivariate analysis. Therefore, after checking the outliers visually, 
to assess an unusual combination of scores amongst variables, the data 
were tested statistically using Mahalanobis D2 distance test to diagnose 
multivariate outliers, using the AMOS programme. The results indicated that 
there is no outlier case (p< 0.001) amongst a total of 203 sample 
respondents (see Appendix E), indicating that there are no cases with an 
unusual combination of scores and no barrier to conducting further data 
analysis (Hair et al., 2010; Kline, 2005; Tabachnick and Fidell, 2001). 
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Consequently, all the data were retained and used for the future data 
analysis.   
Normality   
 
Normality is the fundamental assumption and the critical issue for data 
analysis, in that, for instance, non-normality of a dataset can result in an 
inflated chi-square statistic (   value) and underestimate the values of fit 
index (e.g. TLI: Tucker-Lewis index, CFI: comparative fit index and standard 
errors of parameter estimates) (Hair et al., 2010). Normality of data in 
multivariate analysis is connected with the distribution of each individual 
metric variable and all linear combinations of the variables (Tabachnick and 
Fidell, 2001). Skewness and kurtosis of the distribution patterns are widely 
suggested to measure non-normality in multivariate analysis for a large 
sample size (Hair et al., 2010; Kline, 2005; Tabachnick and Fidell, 2001).  
As suggested by prior studies, the normality of a dataset was examined by 
considering both skewness and kurtosis of the distribution patterns. In the 
normality test, skewness presents the “symmetry” of the distribution, while 
kurtosis measures the “peakedness” of a distribution (Hair et al., 2010). 
Multivariate normality can be assessed by Mardia's test based on 
multivariate extensions of skewness and kurtosis measures (Mardia and 
Kanazawa, 1983; Mardia, 1974). In this study, skewness and kurtosis that 
test the data obtained against a null hypothesis of zero were measured by 
the normality test (Mardia's test) in AMOS 21. Table 7.11 presents the results 
of the normality test for all the items.  
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According to Hair et al. (2000), the value of skewness and kurtosis which 
indicates normal distribution is zero. Therefore, the values of skewness 
outside the range from -1 to +1 are considered as a skewed distribution (Hair 
et al., 2010). In this study, skewness of all 29 items was within the range of -1 
to +1 and C.R. values (critical ratio) were less then ± 2.58 (0.01 significant 
level), which assumes a normal distribution (Hair et al., 2010; Muthen and 
Kaplan 1985). Moreover, the multivariate kurtosis that assesses multivariate 
normality specified 3.33 (less than 5.00), which indicates that the data can be 
considered as normally distributed in multivariate analysis (Bentler. 2005). 
Based on these statistical results in the normality test, the dataset used in 
this study is considered as a normal distribution.      
  
 198  
 
 
Table 7.11 Assessment of normality 
Variable Min Max Skew 
Critical 
Rate 
Kurtosis 
Critical 
Rate 
PA1 2 5 0.144 0.836 -0.627 -1.823 
PA2 2 5 0.013 0.076 -0.732 -2.13 
PA3 3 5 0.210 1.219 0.396 1.155 
PA4 2 5 -0.134 -0.782 -0.73 -2.122 
PA5 2 5 0.17 0.987 -0.563 -1.636 
OE1 2 5 0.43 2.5 -0.423 -1.229 
OE2 1 5 -0.23 -1.336 -0.066 -0.192 
OE3 1 5 -0.177 -1.028 -0.233 -0.678 
OE4 1 5 -0.427 -2.483 0.068 0.197 
OE5 2 5 0.004 0.022 -0.502 -1.46 
PC1 2 5 -0.21 -1.223 -0.337 -0.979 
PC2 2 5 0.012 0.075 0.063 0.185 
PC3 2 5 0.104 0.802 0.219 0.683 
PC4 2 5 -0.038 -0.224 -0.54 -1.571 
PC5 2 5 -0.167 -0.973 -0.452 -1.314 
SQ3 2 5 -0.402 -2.336 -0.422 -1.226 
SQ4 2 5 -0.287 -1.672 -0.746 -2.169 
SQ5 2 5 -0.432 -2.495 0.313 0.91 
SQ1 2 5 -0.385 -2.241 -0.676 -1.965 
SQ2 2 5 -0.336 -1.952 -0.277 -0.804 
SP1 1 5 -0.209 -1.217 -0.408 -1.186 
SP2 1 5 -0.386 -2.240 -0.02 -0.058 
SP3 1 5 -0.403 -2.337 0.401 1.166 
SP4 1 5 -0.339 -1.974 -0.405 -1.177 
OP1 1 5 -0.087 -0.505 -0.344 -1.001 
OP2 1 5 -0.296 -1.721 0.006 0.018 
OP3 1 5 -0.326 -1.948 0.096 0.279 
OP4 1 5 -0.312 -1.815 -0.107 -0.312 
OP5 1 5 -0.317 -1.845 -0.322 -0.935 
Multivariate 
    
3.33 0.622 
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7.3.2 Item purification 
 
This section presents the results of EFA to determine how clearly and to what 
extent an observed variable is linked to its underlying factors. In this study, 
an exogenous variable, competitiveness, was conceptualised as a higher-
order model consisting of four dimensions. Therefore, prior to conducting a 
CFA of a measurement model, EFA was initially conducted to clearly identify 
the four dimensions and eliminate potentially troublesome items in SPSS 21. 
In addition, for the constructs that have a first-order structure such as 
‘sustainability practice’ and ‘operational performance’, reliability and inter total 
correlation for the measurement items were measured to purify the ineligible 
items.  
In order to extract the minimal number of factors underling co-variation 
amongst observed variables, principal components analysis with varimax 
rotation was adopted because it assumes independence between factors and 
maximises the sum of the variances of the squared loadings (Nunnally, 1978). 
The criterion for selecting measurement items were Eigen’s value (>1.0) and 
factor loading (>0.50) (Hair et al., 2010). Twenty items for competitiveness 
were assessed. EFA empirically grouped the scale of items of 
competitiveness into the four dimensions as predicted. In terms of the 
measurement items, although all 20 items presented factor loadings >0.5, 
item PC4 (cargo handling costs) was eliminated due to low communality <0.5, 
as recommended by Hair et al. (2010), which enhances the reliability of 
measurement items. Finally, the factor loading values of the 19 purified 
indicators were between 0.682 and 0.825 and their communality was all 
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above 0.5, exceeding acceptable standards (Hair et al., 2010). Table 7.12 
presents the results of EFA. Kaiser-Meyer-Olkin’s measure of sampling 
adequacy was 85.7%, which indicates the extent to which the observed 
variables are linked to their underlying facts. Based on the four factors 
underlying the 19 significant items, total variance explained is approximately 
64.5%. This implies that the extracted four competitiveness factors explain 
64.5% of the inherent variation in their items (Zhu and Sarkis, 2004). 
Cronbach’s α for all four extracted factors was >0.70, which ensures the 
construct’s internal consistency and validity (Hair et al., 2010; Nunnally, 
1978).  
For the constructs of sustainability practices and operational performance, 
which have a first-order structure, Cronbach’s Alpha indicating reliability of 
measurement items was 0.852 and 0.911, respectively, and item total 
correlation was from 0.671 to 0.807. Therefore, all the measurement items 
(four items for sustainability practices and five items for business 
performance) were adopted for the further statistical analysis.  
Consequently, the results of EFA indicate that the 28 measurement items 
excluding PC4 for their underlying factors are reliable and the extracted 
constructs are internally consistent and valid. The constructs incorporating 
their purified items were adopted for the further analysis, using labels of  
‘operational efficiency’, ‘service quality’, ‘physical availability’, ‘port cost’, 
‘sustainability practice’ and ‘operational performance’.   
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7.12 Exploratory factor analysis  
 
Items* 
Factor Analysis 
OE SQ PA PC Cronbach’s 
α  
Communalities 
COM1 OE2 .815     .702 
COM2 OE4 .809     .695 
COM3 OE1 .800    .861 .682 
COM4 OE5 .726     .589 
COM5 OE3 .710     .588 
COM6 PA5  .825    .723 
COM7 PA2  .815    .703 
COM8 PA1  .812   .854 .703 
COM9 PA4  .724    .564 
COM10 PA3  .699    .535 
COM11 PC2   .797   .656 
COM12 PC1   .785  .785 .605 
COM13 PC5   .742   .576 
COM14 PC3   .690   .552 
COM15 SQ4    .794  .725 
COM16 SQ3    .791  .675 
COM17 SQ1    .777 .862 .658 
COM18 SQ5    .746  .644 
COM19 SQ2    .682  .563 
Eigen-value 6.073 2.402 2.207 1.705  
% of Variance 31.962 12.641 10.904 8.971 Total: 64.478 
*Kaiser-Meyer-Olkin Measure of Sampling Adequacy: 0.857 
*COM: Competitiveness; OE: Operational efficiency; PA: Port availability; PC: 
port costs; and SQ: Service quality.   
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7.3.3 Reliability and validity of measurement model 
 
7.3.3.1 The results of confirmatory factor analysis  
 
This section summarises the results of the CFA for the measurement model. 
In order to examine how well the measured indicators represent the 
constructs, the 28 measurement items underlying the six constructs were 
initially tested in CFA via AMOS 21. The    value of the initial measurement 
model, as a fundamental measure of absolute fit which indicates the 
differences between the observed and estimated covariance matrices, was 
403.555. Probability level indicating significance was 0.005 (< 0.05). The 
construct validity and the item reliability were assessed by fit index, 
standardise residuals, factor loading (λ), critical ratio (t-value and squared 
multiple correlations (R2). After eliminating two inadequate items (PC3 and 
PA3) due to low values (less than 0.4) in squared multiple correlations (R2) 
that measure the strength of the linear relationships (Joreskog and Sorbom, 
1993), sufficient level of statistical significance in a fundamental measure of 
absolute fit was achieved for the final measurement model (   = 307.392, 
Degrees of freedom= 282, and p=0.143).     
To provide statistical support, a series of recommended indices were 
evaluated (Byrne, 2010; Hair et al., 2010; Joreskog and Sorbom, 1981; 
Bagozzi and Baumgartner, 1994; Bentler, 1990; Bollen, 1989) - root mean 
square residual (RMR), goodness-of-fit (GFI), adjusted goodness of fit (AGFI), 
comparative fit (CFI), normed fit (NFI), Tucker-Lewis (TLI), incremental fit 
(IFI), root mean square error of approximation (RMSEA) indices. The results 
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that include 26 purified measurement items indicated an acceptable fit to the 
data for the measurement model. Table 7.13 presents the summary of CFA 
for the measurement model and Figure 7.7 depicts the results of 
standardised estimates in CFA for the measurement model.  
From the results of CFA of the measurement model, unidimensionality and 
convergent validity were assessed. Standardised regression weights 
(standardised factor loading) for the 20 items were above 0.7 and the six 
items were greater than 0.6.  Their critical ratio (t-value) was between 8.241 
and 14.693 (***p<0.001). In addition, the criteria of fit indices were 
satisfactory (i.e.  RMR=.26, GFI=.898, AGFI=.873, CFI=.991, NFI=.903, 
TLI=.990, IFI=.991, and RMSEA= 0.021 (   =307.392, Degrees of freedom= 
282, CMIN/DF=1.090, and p=0.143). Consequently, unidimensionality and 
convergent validity of the measurement for the current study were satisfied. 
In the following section, construct validity and reliability of the measurement 
model are continuously discussed.   
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Table 7.13 Results of confirmatory factor analysis 
 
Constructs variable F.L. S.R.W S.E. C.R. P 
 
 
Operational 
Efficiency 
OE1 1.000 .797    
OE4 .889 .792 .074 10.307 *** 
OE2 .869 .777 .074 12.086 *** 
OE5 .790 .695 .077 10.307 *** 
OE3 .790 .658 .081 9.745 *** 
 
Physical 
Availability 
PA2 1.000 .831    
PA5 .925 .786 .077 11.944 *** 
PA1 .915 .695 .073 12.514 *** 
PA4 .775 .624 .086 9.042 *** 
 
Port Cost 
PC4 1.000 .793    
PC5 .876 .753 .098 8.920 *** 
PC1 .763 .695 .093 8.241 *** 
 
 
Service 
Quality 
SQ4 1.000 .808    
SQ3 .950 .768 .082 11.592 *** 
SQ5 .853 .763 .075 11.409 *** 
SQ1 .916 .726 .085 9.819 *** 
SQ2 .802 .668 .082 10.752 *** 
 
Sustainability 
Practice 
SP3 1.000 .788    
SP4 .958 .755 .087 10.994 *** 
SP2 .947 .796 .081 11.673 *** 
SP1 .904 .737 .085 10.698 *** 
 
 
Operational 
Performance 
OP1 1.000 .864    
OP3 .940 .820 .063 14.813 *** 
OP4 .933 .816 .063 14.693 *** 
OP2 .904 .794 .065 14.029 *** 
OP5 .904 .808 .062 14.589 *** 
 
 
Model Fit 
 
 
   = 307.392, df =282 (   /df=1.090), p=0.143, GFI=.898, 
AGFI=.873, RMR=.026, NFI=.903, TLI=.990, CFI=.991, 
RMSEA=.021. 
 
***p<0.001 
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   = 307.392, df= 282 (  /df=1.090), p=0.143.  
Figure 7.7 Results of confirmatory factor analysis  
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7.3.3.2 Reliability of the measurement model 
Reliability of the measurement model can be estimated by R2 (item reliability), 
Cronbach’s Alpha and construct reliability/variance extracted (scale reliability). 
At first, in terms of item reliability, all the 26 purified measurement items were 
greater than 0.4 in squared multiple correlations (R2). As mentioned before, 
two items lower than 0.4 were eliminated as recommended by Hair et al. 
(2010). Therefore, item reliability was satisfied.   
Considering scale reliability, Cronbach’s α, construct reliability and variance 
extracted were used for evaluation in this study. Table 7.14 summarises 
scale reliability of the constructs used. At first, Cronbach’s α for all the six 
extracted factors in EFA was greater than 0.70, which ensures the 
construct’s internal consistency and validity (Taylor et al., 2003). However, as 
discussed in 5.5.2, there are some limitations existing in Cronbach’s α 
approach. Therefore, to additionally verify scale reliability, the composite 
reliability including construct reliability and variance extracted was evaluated. 
Construct reliability values of 0.70 or above are considered as a good 
reliability for the construct (Hair et al., 2010). The acceptable value for 
variance extracted are greater than 0.50 (Hult et al., 2007; Garver and 
Mentzer, 1999; Fornell and Larcker, 1981). Construct reliability and variance 
extracted were calculated as recommended by Fornell and Larcker (1981). 
As shown in Figure 7.14, the construct reliabilities for all the used constructs 
ranged from 0.883 to 0.927. In addition, all the values of variance extracted 
for all the constructs, as the complementary measure of the construct 
reliability value, were greater than 0.5. Therefore, considering these results, 
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the item and scale reliability for the measurement model in this study were 
verified.  
7.14 Reliabilities of the constructs used 
 
Constructs 
Cronbach’s 
Alpha 
Construct 
Reliability 
Variance 
Extracted 
Operational Efficiency (OE) .861 .905 .67 
Physical Availability (PA) .847 .902 .62 
Port Cost (PC) .777 .883 .56 
Service Quality (SQ) .862 .910 .69 
Sustainability Practice (SP) .852 .905 .66 
Operational Performance (OP) .911 .927 .74 
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7.3.3.3 Discriminant validity 
 
After examining unidimensionality, convergent validity and reliability, this 
study evaluated discriminant validity by two independent methods. At first, 
the inter-correlations between the constructs were assessed to evaluate 
discriminant validity. As shown in Table 7.15, the highest correlation 
coefficient (0.739) was between operational efficiency and performance and 
the port cost and physical availability showed the lowest correlation 
coefficients (0.237). All the constructs used were significant at the 0.01 level 
(2-tailed) and the correlation coefficients did not exceed the cut-off point of 
0.85 suggested by Kline (2005), which indicates that discriminant validity 
between the constructs used is supported.  
  7.15 Descriptive statistics and correlations among constructs 
Construct* Mean S.D 1 2 3 4 5 6 
1. OE 3.4217 .65273 1      
2. SQ 3.9438 .64440 .445** 1     
3. PA 3.7783 .63089 .300** .328** 1    
4. PC 3.3350 .59007 .288** .336** .237** 1   
5. SP 3.4446 .67556 .627** .493** .338** .346** 1  
6. OP 3.4296 .77044 .739** .544** .380** .429** .678** 1 
** Correlation is significant at the 0.01 level (2-tailed). 
*OE: Operational efficiency; SQ: Service quality; PA: Port availability; PC: 
port costs; SP: Sustainability practice; and OP: Operational efficiency.   
 
Secondly, in order to additionally provide statistical support, two-factor CFA 
was employed. The current study compared all possible pairs of the 
constructs. As suggested by Bagozzi and Phillips (1982), the pairwise CFA 
models were run twice, and then compared to a chi-square difference 
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between the constrained and unconstrained models. Table 7.16 presents the 
results of pairwise CFAs. All the 15 pair-wise comparisons exceeded the 
required minimum value in Δ    (<3.84). The lowest Δ    was found between 
PA and PC (Δ   = 12.432): No significance in a chi-square difference test on 
the values obtained for the constrained and unconstrained models, which 
indicates that the constructs are individually discriminated (Diamantopoulos 
and Siguaw, 2000; Hult et al., 2007). Consequently, the results of two 
independent methods support that discriminant validity for all the constructs 
used in this study is secured. 
Table 7.16 Discriminant validity assessment: pairwise comparisons 
 
Pair of 
constructs 
 
Constrained 
model 
 
Un-constrained 
model 
 
Δ    (1) 
 
P-value 
 
    df    df 
PA <--->OE 20.774 26 40.453 27 19.679 P<.01 
PA<--->PC 9.455 13 21.887 14 12.432 P<.01 
PA<--->SQ 25.338 26 48.201 27 22.863 P<.01 
PA<--->SP 20.906 19 44.26 20 23.354 P<.01 
PA<--->OP 23.057 26 56.734 27 33.677 P<.01 
OE<--->PC 13.294 19 28.369 20 15.075 P<.01 
OE<--->SQ 41.777 34 83.872 35 42.095 P<.01 
OE<--->SP 22.82 26 124.523 27 101.703 P<.01 
OE<--->OP 37.821 34 205.214 35 167.393 P<.01 
PC<--->SQ 23.696 19 47.279 20 23.583 P<.01 
PC<--->SP 13.022 13 37.598 14 24.576 P<.01 
PC<--->OP 11.397 19 51.274 20 39.877 P<.01 
SQ<--->SP 27.101 26 82.663 27 55.562 P<.01 
SQ<--->OP 40.321 34 110.062 35 69.741 P<.01 
SP <--->OP 29.755 26 153.582 27 123.827 P<.01 
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7.3.4 Assessment of higher-order structure    
 
Megaport competitiveness was conceptualised as a higher-order model 
consisting of four dimensions including port availability, operational efficiency, 
port costs and service quality. The higher-order structure of competitiveness 
was initially developed from a comprehensive literature review, and EFA was 
also carried out to clearly identify the four dimensions in SPSS 21. As an 
additional safeguard, this study conducted a higher-order factor analysis for 
this higher-order structure that includes 17 purified measurement items. 
Figure 7.8 describes the results of a higher-order factor analysis in AMOS 21.  
A higher-order structure can be acceptable when it has a good model fit and 
predictive validity (Hair et al., 2010; Hult et al., 2007; Bhuian et al., 2005). 
The model fit for the higher-order structure was blameless, p=.205, RMR=.26, 
GFI=.935, AGFI=.913, CFI=.992, NFI=.921, TLI=.990, IFI=.992 (  =127.261, 
df= 115 and   /df= 1.107). Composite reliability and average variance 
extracted of the PC construct were between 86.2% and 94.7% and between 
56.5%A and 73.9% respectively, exceeding required standards. The results 
indicate validity and reliability of the construct’s higher-order structure. As 
such operational efficiency (standard loading= .71, p<.001 and R2=.50), 
physical availability (standard loading= .67, p<.001 and R2=.43), port cost 
(standard loading= 0.68, p<0.001 and R2=.45) and service quality (standard 
loading= 0.75, p<0.001 and R2=.56) function as first-order indicators 
reflecting their second-order indicators in the higher-order constructs of 
competitiveness. Therefore, as suggested by Hult et al. (2007) and Bhuian et 
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al. (2005), within the regression testing, port competitiveness can be created 
as a summated index based on the higher-order analysis of the measures.   
 
 
  = 127.261, df = 115 (  /df=1.107), p=0.205.   
 
Figure 7.8 Higher-order factor analysis of port competitiveness 
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7.3.5 Assessing common method bias  
 
Prior studies alerted that reliance on the same source using a questionnaire 
can cause common method bias (Kamakura, 2010; Podsakoff et al., 2003). 
Common method bias using a questionnaire can be problematic regarding 
either the level of an item or a construct (Podsakoff and Organ, 1986). 
Kamakura (2010:224) mentioned that “the most common approach for 
assessing and controlling for common methods bias is to conduct a multi-trait 
and multi-method study, which requires that the same subjects are measured 
on multiple constructs using multiple methods or instruments”.  
In order to assess and control the potential effect of common method bias, 
several steps were undertaken. At first, in terms of the level of the 
measurement item, all psychometric properties of the same subject were 
measured with the multiple measurement items, as recommended by Meade 
et al. (2007). Secondly, to assess common method bias at the level of the 
measurement items, Harman’s single factor test on all the items was 
employed (Podsakoff and Organ, 1986). This technique assumes that “if a 
substantial amount of common method variance is present, either (a) a single 
factor will emerge from the factor analysis, or (b) one general factor will 
account for the majority of the covariance (Podsakoff and Organ, 1986:536)”. 
All the measurement items were entered into an EFA. The results revealed 
no single factor emerged and no one general factor accounted for the 
majority of the covariance. The largest factor explained only 28.2%. The 
results indicated that common method bias is not likely to be a significant 
problem in the level of the measurement item in this study.  
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Furthermore, in the level of a measurement model, assessment of common 
method bias based on CFA is regarded as the most rigorous (Podsakoff et al., 
2003). Common method bias in the level of the measurement model was 
assessed through one-factor model analysis in CFA via AMOS 21 in which all 
items were restricted with loadings on a single factor. The results (absolute fit 
indices) of the one-factor model were poor, compared to the measurement 
model developed in the current study (one-factor model:   =1161.790, df= 
299,   /df=3.886 and p= .000 vs. the measurement model in the current 
study:   = 307.392, df= 282,   /df=1.090 and p=.143). The series of 
recommended indices of the one-factor model also revealed a very poor 
model fit, compared to the measurement model adopted (the one-factor 
model: RMR= .061, GFI= .646, AGFI= .584, CFI=.695, NFI= .632, TFI= .669, 
IFI.669, and RMSEA= .120 vs. the measurement model in this paper: 
RMR=.26, GFI=.898, AGFI=.873, CFI=.991, NFI=.903, TLI=.990, IFI=.991, 
and RMSEA= 0.021). This result of assessment of common method bias in 
CFA indicated and provided statistical evidence that common method bias is 
not likely to account for serious observed relationships among the constructs 
used. Consequently, based on these results of the two independent methods, 
common method bias is unlikely to be a significant problem in both the level 
of the measurement item and the construct.   
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7.4 Hypotheses testing 
 
This section presents the results of hypothesis testing. Hypotheses were 
tested via a package of regression analysis in SPSS 21 including multiple 
regression analysis (MRA) and hierarchical moderator regression analysis 
(HMRA). At first, MRA was employed to examine the direct relationships 
between all four dimensions of source of competitiveness and performance. 
In the following section, moderator effects of implementing sustainability 
practice on the relationships between specific sets of the sources of 
competitiveness and performance are tested in HMRA.  
 
7.4.1 Direct effect of competitiveness on operational performance 
 
The hypothesis related to the direct relationships between all four dimensions 
of source of competitiveness and performance (see Figure 4.1) was tested 
via MRA in SPSS 21. Hypotheses 1, 2, 3 and 4 posit a positive, significant 
relationship between individual sources of competitiveness and operational 
performance in mega container port operations, whilst hypothesis 5 posits a 
joint relationship between the sources of competitiveness and performance. 
Therefore, to examine all hypotheses 1, 2, 3, 4, and 5, a multiple regression 
model with all four determinants of MPC as independent variables (PA, OE, 
PC, and SQ) and OP as a dependent variable was tested, namely, the 
following regression equation was analysed:   
                                            …………….. (7.1) 
where  
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Y = operational performance, 
     = intercept, 
   = coefficient, 
   = port availability (PA), 
   = operational efficiency (OE), 
   = port costs (PC), 
   = service quality (SQ),  
and    = random disturbance terms.  
To estimate the multiple regression coefficient (  ) in an equation, the 
technique of least-squares estimation was applied, as the overall solution 
which minimises the sum of the squared residuals (Bjorck, 1996). Table 7.17 
summarises the results of MRA which examines hypotheses 1, 2, 3, 4 and 5. 
In MRA, the existence of multicollinearity between independent variables is 
critical (Hair et al., 2010; Jaccard et al., 1990). Therefore, prior to examining 
hypotheses, multicollinearity in equations was checked with VIF (Variance 
Inflation Factor) and tolerance (see Table 7.17). The VIF for each of the 
regression coefficients was well below the cut-off of 10 recommended by Hair 
et al. (2010) and Neter et al. (1985), ranging from a low of 1.174 to a high of 
1.379.  Moreover, tolerance was between .725 and .852, exceeding a rule of 
thumb (< 0.1), which indicates that multicollinearity is not present (Hair et al. 
2010; Tabachnick and Fidell, 2001). Based on these results, the current 
study assumes that multicollinearity is unlikely to threaten parameter 
estimates in this regression model.  
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In hypotheses testing, parameter estimates showed that operational 
efficiency (t-value= 11.673 and p=.000**), service quality (t-value= 3.973 and 
p=.000**) and port cost (t-value= 3.778 and p=.000**) are positively and 
significantly related to business performance in port operation at a 
significance level of 0.01, and port availability (t-value= 2.228 and p=.027*) is 
positively and significantly influential at a significance of 0.05. Consequently, 
hypotheses 1, 2, 3 and 4 were supported. Furthermore, hypothesis 5, and a 
joint influence on performance, was also examined in this multiple regression 
model. The F value of the regression model was 88.819 at p=.000** and R2 
was 0.642. Therefore, the results indicate that hypothesis 5 is supported at a 
99% significance level with the explanatory power of the regression model of 
64.2%.  
  Table 7.17 Results of multiple regression analysis  
 
Dependent 
Variable 
 
Independent 
Variable
ⅰ 
 
S.E 
 
β 
 
t-value 
 
Sig. 
Collinearity Statistics  
Tolerance VIF 
 
 
 
Operational 
Performance 
(Constant) .273  -3.799 .000   
OE .058 .569 11.673 .000** .760 1.316 
SQ .060 .198 3.973 .000** .725 1.379 
PA .056 .103 2.228 .027* .851 1.175 
PC .060 .174 3.778 .000** .852 1.174 
R=.801, R2=.642, Adjusted R2=.635, 
F=88.819, p=.000**, Durbin-Watson=1.861 
ⅰ
OE: Operational efficiency; SQ: Service quality; PA: Port availability; and PC: 
port costs,* .p < 0.05   **.p <0.01.  
 
7.4.2 Moderating effect of sustainability practice  
 
This section summarises the results of HMRA in SPSS 21 to examine the 
research hypotheses associated with the moderating effect of implementing 
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sustainability practice on the individual relationship between the determinants 
of MPC and OP (see Figure 4.1). Accordingly, to understand the various 
relationships, this work separately conducted HMRA on the individual 
relationships between the specific set of determinants of MPC and OP (Zhu 
and Sarkis, 2004). As recommended by Irwin and McClelland (2001) and 
Hartmann and Moers (1999), a two-step process was applied: “one with the 
main effects-only and a second with both main effect and the interaction term” 
(Hartmann and Moers, 1999:294). The following regression equation was 
analysed in the two step hierarchical analysis: 
                          ……………………………………… (7.2) 
Where  
Y = operational performance (OP),  
β01 = intercept,  
  = specific set of the determinants of MPC (OE, PA, PC and SQ),  
X2= sustainability practice (SP),  
     = the interaction term,  
and ε = random disturbance terms.  
In the analysis, the predictors were, in regular sequence, entered into 
hierarchical regression analysis. The technique of least-squares was used 
with the main effects entered as a block in step 1 (specific set of competence 
in port operations and sustainability practice), followed by the interaction term 
added to the initial model. In hypothesis testing, the moderating effect of 
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sustainability practice in the model is examined by the significance of the 
increase in R2 (Hartmann and Moers, 1999).  
Four individual HMRA are separately implemented in a two-step process 
according to all four determinants of MPC; Model 1 examined the moderating 
effect of sustainability practice on the relationship between OE and OP, and 
Model 2, 3, and 4 were for SQ, PC and PA, respectively. Each model is 
assessed by the changes of statistics between step 1(only the main effect) 
and step 2 (interaction term added to step 1) in the two-step process. In 
addition, prior to testing hypotheses, the current study checked the existence 
of multicollinearity of each model. The VIF and tolerance were all within the 
acceptable limits, ranging from 1.37 to 4.41 and 0.851 to 0.625 (Hair et al. 
2010; Tabachnick and Fidell, 2001).  
Table 7.18 summarises the results of four individual hierarchical moderated 
regression models. The results revealed that Model1 (the interaction term 
added to step 1) has an adjusted R2 value of 63.5% and the change of an R2 
value (Δ R2) was 0.019. In a partial F test, the change of F value for Δ R2 (Δ 
F = 10.340) showing that the interaction term added to step 1 explains 
significantly more variation than step 1 (only the main effect) at a 0.05 
significance level. This means that the P value for Δ F in Model 1 provides 
evidence to suggest that sustainability practice moderates the relationship 
between OE and OP at the 5% level of significance.  
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7.18 Results of hierarchical moderated regression analysis 
 
Variables 
Model 1 (OE)  
Variables 
Model 2 (SQ) 
Step 1 (b) 2 Step 1 (b) 2 
(Constant) -.048 -2.426 (Constant) .168 .284 
OE .516*** 1.216*** SQ .277*** .706** 
SP .355*** .992** SP .542*** 1.071*** 
OE*SP  -1.214** SQ*SP  -.836** 
 
R2 
Adjusted R2 
Δ R2 
Δ F 
p 
 
.622 
.618 
 
 
.640 
.635 
.019 
10.340 
.002** 
 
 
R2 
Adjusted R2 
Δ R2 
Δ F 
p 
 
.518 
.514 
 
.530 
.522 
.011 
4.711 
.031** 
 
 
 
Variables 
Model 3 (PA)  
Variables 
Model 4 (PC) 
Step 1 (b) 2 Step 1 (b) 2 
(Constant) .168 .284 (Constant) .103 -1.331 
PA .170** .130 PC .221*** .584** 
SP .621*** .574** SP .602*** .978*** 
PA*SP  .072 PC*SP  -.611 
 
R2 
Adjusted R2 
Δ R2 
Δ F 
p 
 
.486 
.481 
 
.486 
.478 
.000 
.033 
.856 
 
 
R2 
Adjusted R2 
Δ R2 
Δ F 
p 
 
.503 
.498 
 
.509 
.501 
.005 
2.181 
.141 
a. Dependent variable: OP, ** .p < 0.05, ***.p <0.001 
 
In addition, in HMRA for Models 2, 3 and 4, the change of R2 value was 
0.011, 0.000, and 0.005, respectively. Although a partial F tests for Δ R2 in 
Model 2 (Δ F = 4.711), 3 (Δ F = 0.033), and 4 (Δ F = 2.181) showed more 
variation in the interaction term added to step 1, the P value to Δ F revealed 
that only Model 2 was significant at the 0.05 level, whilst not significant for 
Model 3 and 4. Therefore, the results of the HMRA tests provide support for 
H6 (a) and H6 (b), but not for H6 (c) and H6 (d).  
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7.4.3 Sensitivity analysis between sub-groups   
 
Since identifying the moderating effects of implementing sustainability 
practice, attention turned to how sensitive are triggered to the level of 
implementing sustainability practice. As suggested by Lee et al. (2005) and 
more recently by McCole et al. (2010), an alternative sub-group analysis (a 
‘multi-sample’ approach) was performed. To identify the groups, the so-called 
mean split was applied (Henseler and Fassott, 2010). The total sample was 
grouped into two value categories, “high” and “low”, using the moderator 
variable’s latent variable score.  
This section, firstly, presents a comparison of equality of means between 
high (above the mean, n=97) and low (below the mean, n=106) groups in the 
level of implementing sustainability practice. Table 7.19 summarises the 
results of comparison between high and low groups in an independent-
groups t-test in SPSS 21. 
7.19 Sub-groups analysis between high and low groups 
Construct
ⅰ
 t-test for equality of means 
t Sig. Mean d. 
OE 3.892 .000** .38128 
SQ 2.913 .004** .28817 
PA 1.756 .081 .17398 
PC 1.677 .096 .16812 
OP 4.840 .000** .53999 
ⅰ
OE: Operational efficiency; SQ: Service quality; PA: Port availability; and PC: 
port costs, * .p < 0.05   **.p <0.001. 
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The results of t-tests revealed that those exhibiting higher sustainability 
practice returned significantly different scores in the mean values for OE 
(t=3.892, p<0.001), SQ (t=2.913, p<0.05), and OP (t=4.840, p<0.001) than 
those with a low level of implementing SP, while the results for PA (t=1.756, 
p=0.081) and PC (t=1.677, p=0.096) revealed no significant difference in the 
mean value at the 0.05 significance level. Therefore, the results provide 
evidence that the higher level of SP could produce the significantly higher 
mean values for OE, SQ and OP, whilst they could not for PA and PC. 
Therefore, the results imply that the relationships between OE or SQ and OP 
can be changed by the level of SP as the “high” group showed a positive and 
significant influence in outcomes for OE, SQ and OP. On the other hand, 
although the higher level of SP leads to better OP, they could not significantly 
moderate the influence of PA/PC on OP due to no significant changes in PA 
and PC.    
Secondly, to clearly describe the comparison between sub-groups, two step 
HMRA was individually performed at high (above the mean) and low (below 
the mean) values of the moderator variable (SP), and the two groups of each 
model were compared by evaluating the equation (Gallagher et al., 2000). 
Regression slopes for the strength of moderating effect on the relationships 
between a specific set of source of MPC and OP were presented in Figure 
7.9.  
Model 1 and 2 in Figure 7.9 describes that the higher level of SP increases 
regression slopes, while their contribution to the relationships between PA or 
PC and OP was not effective (indicating no fluctuation or reduction of 
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gradient) as shown in Model 3 and 4. This implies that the higher level of SP 
enhance the strength of moderating effect on the relationships between OE 
or SQ and OP, as shown in Model 1 and 2. On the other hand, their 
contribution to the relationships between PA or PC and OP was not 
effectively influenced by the level of implementing SP as shown in Model 3 
and 4. These cases with no fluctuation or reduction of slope indicate that the 
relationships between PA or PC and OP are not positively moderated by the 
level of implementing SP. Consequently, the results of sub-group analysis 
also provide evidence to support the results of HMRA in section 7.4.2, which 
indicates that SP has a moderating effect on the specific routes such as the 
relationships between OE or SQ and OP, while the relationships between PA 
or PC and BP are not significantly moderated by SP.      
Comparisons of Regression Slopes for the interaction
 
Figure 7.9 Comparison between the high and low groups 
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7.5 Summary 
 
This chapter has summarised the results of statistical analysis of this study 
from a data set collected from a questionnaire survey. Firstly, the effective 
response rate was 10.7 % (203/1896) and a non-response bias was not 
expected to be a serious problem for this study. Secondly, the characteristics 
of respondents indicated a reasonable spread of variation concerning 
organisational type, age and size, and a sufficient knowledge related to port 
operations to provide valid and reliable information. Thirdly, the results of 
descriptive analysis for the items measuring determinants of MPC in mega 
container port operations showed relatively high values in the minimum 
values and no strongly negative answer in the psychometric properties. Such 
high values in most indicators imply that the target ports are relatively 
competent in operations. In addition, a comparison of the items used 
revealed that Shanghai port shows a comparatively high mean value in port 
physical availability and port costs, while Busan and Hong Kong port record a 
high mean value in service quality and operational efficiency, respectively. 
Contrariwise, in terms of sustainability practice and operational performance, 
the three ports showed that there are very similar patterns in assessing the 
items throughout the questionnaire.   
In statistical assessment of the measurement model, firstly, outliers and 
normality were checked to assess whether the assumption of multivariate 
analysis were violated. After checking the outliers visually from boxplot 
diagrams generated in SPSS’s Explore routine, to diagnose multivariate 
outliers or an unusual combination of scores amongst variables, Mahalanobis 
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D2 distance tests were conducted using AMOS 21. The results indicated that 
there is no outlier case amongst a total of 203 sample organisations. 
Therefore, although a few outlier cases were detected in visual checking, all 
the data were retained and used for the future data analysis. In addition, the 
results of the normality test in AMOS 21 revealed that the skewness and 
kurtosis of all measurement items used were within acceptable limits and the 
multivariate kurtosis that assesses multivariate normality was well within 
suggested standards (< 5.00). Therefore, no serious violations were detected 
to deny multivariate analysis in this work.  
In the following section, EFA was carried out to determine how clear and to 
what extent an observed variable is linked to underlying factors. The results 
revealed that the 28 measurement items for their underlying factors are 
reliable and the extracted constructs are internally consistent and valid. The 
constructs incorporating their purified items were adopted for further analysis, 
using labels of ‘operational efficiency’, ‘service quality’, ‘physical availability’, 
‘port cost’, ‘sustainability practice’ and ‘operational performance’. In 
assessment of the measurement model in the following section, the 
constructs and measures generated from EFA were validated by CFA. Finally, 
the measurement model in the current study satisfied the validation issues 
such as unidimensionality, convergent validity, reliability and discriminant 
validity. In addition, the result of the assessment of higher-order structure 
(port competitiveness) consisting of four dimensions supports the validity and 
reliability of the constructs’ higher-order structure.  
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On the other hand, to control and assess the potential effect of common 
method bias, this study devised several steps. Firstly, all psychometric 
properties of the same subject in the questionnaire were measured with the 
multiple measurement items. Secondly, to assess common method bias at 
the level of the measurement items, Harman’s single factor test was applied 
to all items. Finally, in the level of a measurement model, common method 
bias was assessed through one-factor model analysis via AMOS 21. The 
results revealed that no single factor emerged and one general factor 
accounted for the majority of the covariance. These results indicate and 
provide statistical evidence that common method bias is unlikely to be a 
significant problem in either the level of the measurement item or the 
construct.  
  Lastly, the hypothesised relationships associated with  
1) Determinants of MPC and OP (Hypotheses 1, 2, 3 and 4),  
2) joint effects of all determinants of MPC on OP (Hypothesis 5), and  
3) moderator effect of sustainability practice on the individual 
relationships between the determinants of MPC and OP (Hypothesis 6 
- a, b, c, and d)  
 
were examined by a package of regression analysis in SPSS 21 including 
multiple regression and hierarchical moderator regression analysis. Table 
7.20 summaries the results of hypotheses testing. 
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Table 7.20 Summary of the results of hypotheses testing 
Hypothesis Direction Yes/No Significance 
level 
H1 OE  OP Yes p < 0.001 
H2 SQ  OP Yes p < 0.001 
H3 PA  OP Yes p < 0.05 
H4 PC  OP Yes p < 0.001 
H5 OE+SQ+PA+PC  OP Yes p < 0.001 
H6 (a) SP  OE – OP Yes p < 0.05 
H6 (b) SP  SQ – OP Yes p < 0.05 
H6 (c) SP  PA – OP No - 
H6 (d) SP  PC – OP No - 
Yes = supported at the suggested significance level,      
No = not supported at any level. 
*
OE: Operational efficiency; SQ: Service quality; PA: Port availability; PC: 
port costs; SP: Sustainability practice; and OP: Operational performance.  
 
Hypotheses 1 to 5 
The results of hypothesis testing indicated that OE (p < 0.001), SQ (p < 
0.001), PA (p < 0.05) and PC (p < 0.001) are individually and significantly 
associated with OP, supporting H1, H2, H3 and H4 at the suggested 
significance level. Moreover, all four determinants of competitiveness in 
mega container port operations were jointly and significantly associated with 
OP (Adjusted R2=.635, p<0.001). Therefore, Hypotheses 1, 2, 3, 4, and 5 
were all supported. The results of the direct relationships are interpreted as 
follows: All four determinants of MPC have an individually and jointly 
significant effect on OP in mega container port operation in NEA.   
 
Hypotheses 6 (a) to (d) 
As indicated in Table 7.18, the moderating effects of sustainability practice on 
the relationship between OE or SQ and OP were significant at a 0.05 
significance level, whereas no significant influence between PA or PC and 
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OP at any significance levels. Therefore, the results revealed that 
Hypotheses 6 (a) and (b) were supported, but not Hypotheses 6 (c) and (d). 
Based on the results of the hypothesis tests, the role of sustainability practice 
is interpreted as follows.   
1) Implementing sustainability practice in container port operations is a 
moderator which significantly and positively controls the relationships 
between specific sets of determinants of MPC and OP, particularly in 
OE and SQ.  
 
2) On the contrary, the relationships between PA or PC and OP were not 
significantly moderated by implementing SP in mega container port 
operations in NEA.  
 
Sensitivity Analysis of moderating Effects between Sub-groups 
This study conducted additional sub-groups analysis in order to identify 
differences arising from the different levels of implementing SP. The total 
sample was grouped in two value categories based on the mean value of the 
moderator variable’s latent variable score. The results of t-tests between the 
two groups revealed that the higher group has a positive and significant 
difference in the mean values for OE, SQ and OP, while not significant in PA 
and PC. Therefore, this implies that OE, SQ and OP show positively and 
significantly different values by the higher implementation level of 
sustainability practice. On the other hand, although the mean values of the 
high group have positive changes in PA and PC, the changes were not 
significant. Consequently, these results also provide evidence that supports 
the results of the hypothesis tests in HMRA, being interpreted as follows:  
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1) The higher level of implementing sustainability practice in mega 
container port operations positively and significantly strengthens the 
relationships between operational efficiency/service quality and 
operational performance, 
 
2) Although the higher level of implementing sustainability practice shows 
the higher mean values in operational performance, they could not 
significantly influence the strength of the relationships between port 
availability/port costs and operational performance,   
 
3) The results of sub-group analysis supports the results of HMRA, as 
well as explains the reason for non-significant moderation effects of 
sustainability practice on the relationships between physical 
availability/port costs and operational performance.   
 
This chapter presented the results of statistical analysis of the measurement 
items/model and hypothesis testing. In the following chapter, the findings of 
this research are discussed, presenting the achievement of research 
objectives and research implications. 
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CHAPTER 8: DISCUSSION  
 
This chapter discusses the main findings in a more focused manner within 
the context of the relevant literature, and interprets the results of research 
from the context of mega container port operations in NEA, thereby drawing 
theoretical and practical implications. To answer the research question 
through achieving the research objectives, chapter 2 and 3 reviewed relevant 
literature. After conceptualising the research model in chapter 4, the data 
collected from interviews and a questionnaire survey were analysed in 
chapter 6 and 7, respectively. Therefore, in order to draw theoretical and 
practical implications, this chapter discusses the findings of this study based 
on research objectives. 
 
8.1 Research question 
 
With expanding international trade, the increasing importance of ports means 
that they now function as an economic catalyst, central to industries engaged 
in international trade. Economic stability and corporate responsibility shed 
new light on the concept of port competitiveness. Moreover, countless port 
development projects underpin the multiple environmental problems related 
to activities in and around ports. To respond to these changes, international 
ports have reviewed sustainability practices which cover a wide field of port 
activities including economic, eco-social and operational aspects (Denktas 
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and Karatas, 2012; Dinwoodie et al., 2012; Cheon and Deakin, 2010; 
Wagner, 2010; Seuring and Muller, 2008).  
However, prior studies on sustainable port management (Seuring and Muller, 
2008; Branco and Rodrigues, 2006), and sustainable development (Bansal 
2005; Turner et al., 1998) were highly focused on environmental impact 
minimisation and environmental index development (Denktas and Karatas, 
2012). Moreover, they did not take into account the fact that the adoption 
and/or implementation of sustainability practice critically depends on 
competitiveness and performance in a highly competitive business 
environment (Cheon and Deakin, 2010).  
As a result, the responses of the major container ports in NEA are late and 
unfocused, compared to the regions of Europe and the USA, as prior studies 
on sustainability practice were undertaken in Western countries (i.e. 
European and North American ports). Moreover, there are many published 
“port sustainability reports” in the region of Europe and the USA (e.g. 
Antwerp, Los Angeles/Long Beach, Rotterdam etc…), but nothing for NEA so 
far.  Although it is required to respond to the changing business environment 
in the port industries such as environmental regulation enhancements, the 
major ports are still reluctant to take a more aggressive attitude in the 
implementation of sustainability practice because of 1) a perceived lack of 
evidence due to limited studies, 2) a lack of policy to drive forward initiatives, 
and 3) concerns that environmental regulation can erode competitiveness.   
Therefore, in order to provide useful insights to establish strategies to 
develop sustainable port operations and a strategic agenda to assist ports to 
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incorporate sustainability practices into their operations, this study aimed to 
analyse the role of sustainability practice in managing competitiveness and 
performance. Therefore, the central research question for this study was: 
 
 “How can sustainability practice contribute to enhancing competitiveness 
which allows continual performance improvement in mega container port 
operations?”  
 
To answer the research question, this study analysed the role of SP on the 
relationship between competitiveness and operational performance in long-
term perspective, achieving the following objectives:  
1. To analyse the attributes of sustainability practice in mega container 
port operations.  
 
2. To synthesise the theoretical relationships between sustainability 
practice, competitiveness and performance. 
 
3. To model the relationships between sustainability practice, 
competitiveness and performance in mega container port operations.  
 
4. To analyse the role of sustainability practice on the relationship 
between mega container port competitiveness and operational 
performance, based on Northeast Asian cases. 
 
5. To evaluate differences in the levels of implementation of sustainability 
practice and their implications for the strategic management of mega 
container ports.   
 
In order to answer the research question, the following section describes the 
findings of this study based on the research objectives.   
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8.2 Achievement of research objectives 
8.2.1 Attributes of sustainability practice  
 
Through literature reviews and empirical investigations, this study 
investigated and analysed the attributes of sustainability practice in managing 
mega container port operations so as to achieve research objective one.  
Prior studies on sustainability practice in sustainable port management and 
development focused on low environmental impacts, as port sustainability 
was primarily assessed by environmental indicators (Buyukozkan and Berkol, 
2011; Murillo-Luna and Ramon-Solans-Prat, 2008; Seuring and Muller, 2008; 
Branco and Rodrigues, 2006; Bansal and Hunter, 2003). However, the 
approaches confined to achieving low environmental impacts were 
insufficient to comprehensively present sustainability issues in dynamic 
competition (Cheon and Deakin, 2010) because the concepts of sustainability 
have to be considered with operational sustainability that generates better 
performance through enhancing competitiveness (Agha and Alrubaiee 2012; 
Wagner, 2010; Barney, 1995).  
To achieve research objective one, this study has extracted four critical 
attributes of sustainability practice which enhance operational sustainability, 
based on relevant literature. The attributes include environmental 
technologies (Yang et al., 2013; Mongelluzzo, 2012; Shrivastava, 1995; 
Porter and van der Linde, 1995), monitoring and upgrading (Dinwoodie et al., 
2012; Murillo-Luna and Ramon-Solans-Prat, 2008), internal strength (Cheon 
and Deakin, 2010; Barney, 1995), and cooperation and communication 
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(Yang et al., 2013; Lun, 2011; Dinwoodie et al., 2012; Sarkisa et al., 2010; 
Cheon and Deakin, 2010).  
Figure 8.1 describes the construct of sustainability practice. No particular 
construct by a single author was followed but the construct was organised 
and refined to meet the specific needs of this study. The construct focused 
on the attributes of sustainability practice in managing operational 
sustainability which deals with MPC and OP.   
 
 
Figure 8.1 Four attributes of sustainability practice 
 
The reliability and validity of the attributes of sustainability practice were 
confirmed by port stakeholders via empirical investigation. The four attributes 
were significant and relevant to mega port operations and to the research 
objectives, indicating a high degree of agreement in interviews; the mean 
values of the four attributes including environmental technologies, monitoring 
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and upgrading, internal growth, and communication and cooperation were all 
over 4.25 in an importance analysis using a five-point Likert Scale (from 1 – 
not very important to 5 – very important). Further, the reliability (Cronbach’s 
Alpha was >0.7) and internal consistency of the attributes extracted (Item 
total correlation was from 0.600 to 0.692) was verified by statistical tests 
based on 203 responses collected from the major container ports in NEA 
(see section 6.4).      
Consequently, based on literature reviews and empirical investigation, this 
study has validated the attributes of sustainability practice which improve 
operational sustainability in managing the relationship between 
competitiveness and performance in mega container port operations, 
addressing the first research objective. In addition, the results imply a 
theoretical contribution from categorising sustainability practices into four 
critical attributes and placing the case of NEA in a global context, providing 
useful information to ports for conceptualising and reviewing sustainability 
practice in their operations.   
 
8.2.2 Theoretical relationships between variables  
 
Objective two was achieved from reviewing the resource-related theories. 
This study was based on the theories associated with research objectives. To 
define the role of sustainability practices on the relationship between 
competitiveness and performance, the relevant theories including the 
resource dependence theory (RDT) and resource-based theory (RBT) were 
reviewed.    
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RDT facilitates understanding of the need for sustainability practices in port 
operations. Ports have a complex organisational and technical structure such 
as an industrial cluster (Yeo et al., 2011). Moreover, a large number of 
stakeholders engaged in port operations play a significant role in the 
governance of the port cluster, having a huge impact on the adoption of a 
sustainability programme (Dinwoodie et al., 2012). Therefore, adoption and 
implementation of sustainability practice into all activities in and around a port 
underpin the aims to be sustainable with efficient operations. RDT conceives 
organisations as open systems which acting alone are incapable of 
generating all the resources required to maintain themselves (Pfeffer and 
Salancik, 1978). Organisations must interact to ensure sustainable 
operations and participate in transactions and relations involving all parties 
concerned, in order to operate and supply resources and services efficiently 
and sustainably (Boyd, 1990). RDT proposes that operational sustainability 
can be achieved from an improvement of internal corporate capabilities to 
control the resources needed by others, and external capabilities to 
overcome a lack of resources (Provan and Milward, 1995). The strategic 
management literature suggested that organisations should communicate 
and cooperate to ensure sustainable management and operation in 
transactions and relations. This is because sustainability in a dynamic 
business environment is relational, situational and potentially mutual (Drees 
and Heugens, 2013). Therefore, this theory explains the actions of 
organisations to respond to the changing business environment, particularly 
to improve an organisational autonomy and legitimacy (Hillman et al., 2009).  
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Additionally, RBT provides a theoretical base to establish the relationship 
between variables which are competitive capacities generated from tangible 
and intangible assets as a source of competitive advantage which positively 
affects business performance (Agha and Alrubaiee, 2012). Moreover, with 
increased inimitability which is difficult to duplicate and imitate, competitive 
advantage may transform into sustainable competitive advantage (Barney, 
1991). As sustainability practices allow performing outstanding activities in 
port operations, ports can have the opportunities to achieve a sustainable 
competitive advantage from improving inimitability (Lun, 2011; Adams et al., 
2010), which explains the role of sustainability practice as a moderator on the 
relationship between competitiveness and performance.  
Based on the relevant theories, this study constructed theoretical foundations 
for conceptualising a research model examining the role of sustainability 
practice as a moderator which controls the strength of the relationship 
between competitiveness and performance within the port operational 
context, addressing the second research objective two.  
 
8.2.3 Conceptualisation of research model 
 
An analysis of moderating effects facilitates an understanding of the 
relationship between variables (Baron and Kenny, 1986), particularly 
moderating the strength of the relationship between an independent variable 
and a dependent variable (Hartmann and Moers, 1999). Therefore, the 
moderating effect is presented under specific conditions where a predictor 
variable is related to an outcome (Henseler and Fassott, 2010).  
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Therefore, in order to analyse the moderating role of sustainability practice 
on the relationship between competitiveness and performance, this study has 
conceptualised a research model based on prior studies (e.g. Henseler and 
Fassott, 2010; Hartmann and Moers, 1999; Baron and Kenny, 1986). MPC 
and OP were used for independent variable and for dependent variable, 
respectively. Sustainability practice was employed as a moderator variable 
which controls the strength of the relationship between independent variable 
(MPC) and dependent variable (OP). Further, the focus of this study was 
more on exploring specific routes whereby sustainability practice significantly 
influences the relationship between sub-dimensions of MPC and OP. Thus, 
the research model has expanded to examine the moderating effect on the 
individual relationships between the determinants of MPC and OP (see 
Figure 4.2).      
In summary, from conceptualising the research model to analysing the 
relationships between variables, this study has addressed the third research 
objective, contributing to hypotheses development.   
 
8.2.4 The moderating role of sustainability practice  
 
Objective four was successfully achieved. In order to explore the moderating 
role of sustainability practice, HMRA was performed using SPSS 21. This is a 
commonly-used approach to test moderation, using a series of regression 
analysis (Baron and Kenny, 1986). Samples (N=203) collected from port 
stakeholders engaged in port operations in NEA were used to analyse the 
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role of sustainability practice on the relationship between MPC and OP (see 
Table 7.15).  
Prior to analysing the moderating effect of sustainability practice, this study 
firstly examined the direct relationships between MPC and OP because it is a 
prerequisite for exploring the moderating role on the relationship between an 
independent variable and dependent variable (Henseler and Fassott, 2010; 
Jaccard and Turrisi 2003; Hartmann and Moers, 1999; Baron and Kenny, 
1986). To confirm the direct relationship between MPC and OP, the initial 
predictions examined the influences of the determinants of MPC on OP. The 
results of MRA revealed that the determinants including operational efficiency 
(p<0.001), service quality (p<0.001), port availability (p<0.05) and port costs 
(p<0.001) are significantly related to OP. Further, the joint impact of the four 
determinants on OP are significant (Adjusted R2=.635, p<0.001). Therefore, 
satisfying a precondition that the independent variable (MPC) is significantly 
related to dependent variable (OP), an analysis of the moderating effect of 
sustainability practice on the aforementioned relationships was implemented 
via HMRA in SPSS 21. 
In HMRA, the moderating roles of sustainability practice were individually 
explored on the relationships between the determinants of MPC and OP. The 
results revealed both significant and non-significant relationships, discovering 
what is achievable and how it is significant; the moderating effects of 
sustainability practice on the relationships between a specific set of 
determinants (particularly for operational efficiency and service quality) and 
OP were significant (p<0.05), whilst non-significant for the relationships 
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between port availability/cost factors and OP (p>0.05). Therefore, 
sustainability practice partly plays a moderator role on the relationship 
between MPC and OP, particularly for efficiency and quality improvement.  
In sum, in order to explore where and how sustainability practices drive the 
moderating effect on the relationship between determinants of 
competitiveness and performance, HMRA was implemented. The findings 
include:  
 Sustainability practice contributes to enhancing the strength of the 
relationships between competitiveness (on specific routes including 
operational efficiency/service quality) and performance, which 
strengthen their operational sustainability.  
 
 The moderation effects of sustainability practice on the relationships 
pertaining to port availability and cost factors are not significant, 
indicating non-specific routes that could not significantly influence the 
strength of the relationship between competitiveness and operational 
performance.    
 
The results provide evidence that sustainability practice partly (on specific 
routes) contributes to enhancing competitiveness which allows continuous 
performance improvement in mega container port operations. This is the 
most important finding of this study in order to answer the research question 
of this thesis and critical to understanding where and how specific routes 
drive sustainable competitive advantage which improves their competitive 
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position reaping continual operational performance of mega container ports 
in NEA from implementing of sustainability practices. Consequently, this 
study advances the role of sustainability practice by shedding new light on 
how it strengthens the relationship between competitiveness and operational 
performance, exploring what is achievable and how it can contribute to 
managing the relationship between determinants of competitiveness and 
performance, based on commercial port operations. 
 
8.2.5 Evaluation of the impacts of sustainability practice  
 
To achieve objective five, sub-group analysis (an independent-groups t-test) 
in SPSS 21 was conducted to analyse differences between the high and low 
level of implementation of sustainability practice. As suggested by Rigdon et 
al. (1998), the so-called mean split was employed to divide groups into two 
value categories, “high” and “low”, based on the moderator variable’s latent 
variable score (Henseler and Fassott, 2010).  
The results of comparison between high (above the mean, n=97) and low 
(below the mean, n=106) groups are detailed in Table 7.17. Comparisons 
between the two groups revealed that those exhibiting higher sustainability 
practices returned significantly different scores in the mean values for 
operational efficiency, service quality, and operational performance. However, 
the difference for port availability and port costs were not significant. These 
findings provide critical insights into understanding the impacts of 
sustainability practice in mega port operations in NEA.  
 241  
 
At first, in terms of performance, the higher level of implementation of 
sustainability practices showed significantly greater scores in the mean value 
of operational performance (p<0.001). The results imply that the level of 
sustainability practice significantly influence improvement of port 
performance including financial and non-financial aspects, as confirmed by 
prior studies (McGuire et al., 1988; Orlitzky et al., 2003; Zhu et al., 2004). 
Therefore, it is identified that sustainability practices in port operations play 
an important role in the improvement of operational performance as identified 
by the firm’s level of implementation.   
Secondly, regarding the determinants of port competitiveness, some of the 
determinants such as operational efficiency (p<0.001) and service quality 
(p<0.05) revealed significant differences between the two groups. The “high” 
group showed greater scores in the mean value than the “low” group. These 
results are in line with the previous studies that sustainability practices can 
improve competitiveness through quality, efficiency, satisfaction, reputation, 
and reliability improvement (Yang et al., 2013; Lun, 2011; Cheon and Deakin, 
2010; Adams et al., 2010; Perrini and Tencati, 2006).  However, in the cases 
of port availability and cost factors in mega container port operations, 
differences between the two groups presented no significance (p>0.05), 
indicating different results from the previous studies. This is one of the 
important findings of this study because prior studies argued that 
sustainability practices can improve port availability (Adams et al., 2010; 
Bacallan, 2000) and cost savings (Adams et al., 2010; Perrini and Tencati, 
2006). However, the results in this study revealed no significant effects on 
port availability and a reduction in port costs at the same time. These findings 
 242  
 
were critical to draw out theoretical and practical implications from an 
analysis of the impacts of implementing sustainability practice. For example, 
at first, the higher level of implementation of sustainability practices could not 
produce greater improvement in their availability. It is because the target 
ports have a similar business environment, and environmental regulations 
are not firmly established yet. Secondly, sustainability practices could not 
significantly influence port costs in mega port competition in NEA because 
cost savings arising from implementing sustainability practices are not 
directly linked to reductions in port costs due to a complex industrial structure. 
In addition, the results of an analysis of the impacts of sustainability practices 
provided evidence that the higher level of implementation produces the 
significantly higher mean values for efficiency, service quality, and 
performance improvement, whilst they could not for port availability and cost 
reductions. Therefore, the findings attest that the relationships between 
operational efficiency/service quality and operational performance can be 
significantly influenced by the implementation of sustainability practice as the 
“high” group exhibited a significant influence in outcomes for efficiency, 
service quality and operational performance improvement. In contrast, in 
terms of non-significant moderating effects, although the higher level of 
sustainability practice leads to greater operational performance, they could 
not significantly moderate the relationships between availability/cost factors 
and operational performance. This is because the influence of sustainability 
practice on availability improvement and port cost reduction was not 
significant.      
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Therefore, strategies and practices for sustainable port operations that focus 
on the specific routes that aim to enhance hard factors, such as physical 
availability and price competitiveness, are barely able to successfully link with 
operational sustainability arising from implementing sustainability practices, 
in that the higher level of implementation could not significantly influence port 
availability and port cost factors. On the other hand, the effort expended in 
implementing sustainability practice focused on enhancing efficiency and 
quality in their operations is likely to induce an improved competitive position 
reaping continual operational performance, which will allow them to achieve 
operational sustainability, providing the increased inimitability that is difficult 
to be duplicated and imitated.  
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8.3 Theoretical Implications 
 
Firstly, to overcome a lack of understanding of sustainability practice in NEA 
as against Western countries, this study investigated and analysed the 
importance and applicability of the attributes of sustainability practice (i.e. 
environmental technologies, monitoring and upgrading, internal growth, and 
communication and cooperation). Each finding was supported by literature 
and verified in the unique competition structure in NEA. The findings have 
significant theoretical implications which place the case of NEA in a global 
context, as well as investigating the relevant issues required to understand 
the specific and general features of sustainability practices in NEA.   
Secondly, this study has offered an improvement in assessment of the 
construct of sustainability practice as a measurement item. As pointed out by 
prior studies (e.g. Cheon and Deakin, 2010; Seuring and Muller, 2008; Bell 
and Morse, 2008), sustainability indicators that are focused on environmental 
indices are not sufficient to successfully reflect a sustainability performance 
because sustainability practices in port operations incorporate multiple tasks 
that cannot simply be measured by the specific indicators (Denktas and 
Karatas, 2012). Moreover, Darbra et al. (2009) and Bell and Morse (2008) 
claimed that there were difficulties in collecting an exact environmental figure 
and/or index from ports because of the scarcity and/or the lack of data, as 
well as the policy and confidentiality concerns of ports. To overcome these 
difficulties, this study conducted an alternative assessment measured by the 
level of implementation, as proposed by Regehr, et al. (2012). As a result, 
this approach made it available to monitor and measure the level of 
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implementation of sustainability practice, proposing an alternative solution to 
measure the construct of sustainability practice.  
Thirdly, this study extracted and validated the determinants for mega 
container port competitiveness. Prior studies on port operations have tended 
to analyse the impact of one functional area, such as efficiency (Merk and 
Dang, 2012; Cullinane and Wang, 2010; Song and Cullinane, 1999), 
productivity (Dowd and Leschine, 1990; Kim and Sachish, 1986) and 
connectivity (Low et al., 2009) on ports’ overall competitiveness, port 
selection criteria including extracting determinants of port competitiveness 
and performance (Yuen et al., 2012; Chiang and Hwang, 2010; Tongzon, 
2009; Yeo et al., 2008, 2007; Yeo and Song 2004), and evaluating port 
ranking in regional port competition (Yeo et al., 2011). Therefore, to 
comprehensively analyse the structure of port competitiveness, this study 
analyses the multiple measurement scales of port competitiveness, 
suggesting the higher-order structure. In particular, the structure of port 
competitiveness is specially designed for regional competition between mega 
container ports which seek to be a regional gateway port in NEA. 
Overcoming limitations that have been not considered in prior studies, such 
as the structure of port competition striving to be a regional gateway, the 
findings could possibly be generalised in container port operations and made 
applicable to other mega container ports worldwide.   
Fourthly, this research validated a set of determinants of MPC which 
positively and significantly influence performance in mega port operations in 
NEA, as well as their joint impact on performance. Although the relationships 
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between the determinants of port competitiveness and performance have 
been proven separately in prior studies (Chang et al., 2013; Ishii et al., 2013; 
Cullinane and Wang, 2010; Cullinane et al., 2005; Low et al., 2009; Talley, 
1994), these four have never been tested in the same model before. 
Moreover, the existing theories regarding the relationship between sub-
dimensions of competitiveness and performance were validated based on a 
port operational context. The sub-dimensions of competitiveness (i.e. 
efficiency, availability, cost factors, and service quality) have long been 
hypothesised in management literature (Fethi and Pasiouras, 2010; Malchin, 
and Daduna, 2010; Yee et al., 2010; Buckleya et al., 1988). As the theoretical 
relationships can be strengthened by utilising multiple examples, this study 
supports the existing theoretical relationships, providing evidence within the 
context of port operations. Therefore, the findings can be utilised for future 
research on the relevant theory, as an example of the port operational 
contexts.   
Fifthly, as one of its significant theoretical contributions, the findings of this 
study offer important steps in building knowledge about ‘sustainable and 
responsible business’ dealing with the role of sustainability practices in 
general and about how they can contribute to enhanced operational 
sustainability in particular, drawing upon multiple theories. This paper 
discovered that the moderating role of sustainability practice moderates the 
relationships between a specific set of determinants of competitiveness 
(particularly for operational efficiency and service quality) and performance, 
identifying routes between what is achievable and how sustainable practice 
contributes to the relationships.  
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Moreover, the empirical relationships revealed that sustainability practice 
presents a significant influence on the relationships between the 
determinants of competitiveness (particularly for efficiency and quality 
improvement) and OP, but does not significantly affect availability and costs 
factors in a port. Therefore, sustainability practice partly plays a moderator 
role on the relationship between MPC and OP. These findings are critical to 
an understanding of where and how specific routes drive sustainable 
competitive advantages which enhance operational sustainability arising from 
sustainability practices. Therefore, the results have significantly contributed 
to providing evidence that sustainability practice contributes to enhancing 
competitiveness, which allows continuous performance improvement in mega 
container port operations. Moreover, drawing on multiple theories, this study 
advances the role of sustainability practice by shedding new light on how it 
improves operational sustainability through strengthening the relationships 
between competitiveness and performance.  
Prior studies on port sustainability practice argued that sustainability practice 
is not only a critical factor for competitiveness (Lun, 2011; Adams et al., 
2010), but also contributes to improved performance (Porter and van der 
Linde, 1995; Barney, 1991). However, there is no empirical research to prove 
it. Therefore, this study has validated the impacts of sustainability practices 
on competitiveness and performance within the context of port operations, 
providing empirical evidence. The findings of this study support prior studies 
at a firm level on opportunities to achieve competitiveness (Yang et al., 2013; 
Lun, 2011) and financial performance (Zhu et al., 2004; Orlitzky et al., 2003; 
McGuire et al., 1988).  
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Moreover, this thesis clearly revealed that although the higher level of 
sustainability practices compared to the low group leads to better operational 
performance in mega container port operations, it could not significantly 
moderate the relationships between availability and cost factors in port 
operations, and OP, as no significant influences arise from the different level 
of sustainability practices in port availability and port costs. The results imply 
that sustainability practice is significantly related to OP in port operations, but 
could not control the relationships between hard factors (relatively fixed) such 
as physical availability and port charges, and OP.   
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8.4 Practical implications 
 
The practical implications of this study involve both conceptual and 
substantive perspectives.  
In terms of conceptual issues, firstly, prior studies pointed out difficulties in 
evaluating the sustainability performance because sustainability practice is 
not only applied over a wide range of spatial and temporal scales (Cheon and 
Deakin, 2010; Seuring and Muller, 2008; Bell and Morse, 2008), but it is also 
difficult to collect objective data due to political and confidentiality concerns 
(Darbra et al., 2009). Therefore, as an alternative solution to assess the level 
of implementation of sustainability practice (Diamantopoulos et al, 2012; 
Rossiter, 2002), this study proposed the four critical attributes within the 
context of port operations. The suggested solution can substitute 
environmental indices for monitoring and upgrading sustainability practices, 
as well as supplementing each other's shortcomings between the level of 
implementation and environmental indices, which can be utilised by port 
operator and policy makers for “continuous monitoring and upgrading” in their 
operations. 
Moreover, the structure of port competitiveness is designed for the regional 
competition between the major container ports in NEA, which aim to be a 
regional gateway port in NEA and are ranked within the world’s top 5 busiest 
ports. The findings might be more general and applicable to other mega 
container ports worldwide. Moreover, the structure of port competitiveness 
underpinning four critical determinants (availability, efficiency, cost factors 
and service quality) provides useful insights for port managers to establish 
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and review their strategies on their overall competitiveness through improving 
each functional area.    
With regard to substantive issues, firstly, this finding has implications for port 
operators with an interest in the enhancement of their competitive position 
and continual operational performance improvements. In an analysis of the 
moderating effect of sustainability practice on the individual relationships 
between a specific set of the determinants of MPC and OP, the results 
revealed that sustainability practice significantly moderates the relationships 
between competitiveness, particularly for operational efficiency and service 
quality, and OP, but were not significant for port availability and cost factors. 
In managing the relationship between competitiveness and operational 
performance, these findings are critical to understanding what drives 
operational sustainability through implementing sustainability practice and 
how. For example, the effort expended in implementing sustainability practice 
that is focused on enhancing efficiency and quality improvement is likely to 
induce an improved competitive position reaping continual operational 
performance, which will allow them to achieve operational sustainability. 
From a resource-based perspective, it seems likely to increase inimitability, 
which is required to establish a sustainable competitive advantage (Hult et al., 
2007).  
In terms of non-significant moderating effects, although the sub-group 
analysis revealed that the higher levels of sustainability practice lead to better 
operational performance, they could not significantly moderate the 
relationships between PA/PC (availability and cost factors) and OP due to 
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non-significant direct effects on availability improvement and port cost 
reductions. Therefore, the findings indicate that sustainability strategies 
and/or practices in a port that devotes a great deal of effort to enhancing 
physical availability and cost factors from implementing sustainability practice 
is likely to reap positive operational performance (Wagner, 2010). However, 
this study discovered that the influence of sustainability practice on the 
relatively fixed factors such as physical availability and cost factors was not 
significant. Therefore, sustainability strategies and/or practices focused on 
the relatively fixed factors are not likely to successfully link with producing a 
sustainable competitive advantage, and are unlikely to accommodate future 
demands, as ports operate in a dynamic business environment (Yeo et al., 
2008).  
However, regarding the non-significant moderating effects, prior studies 
argued that sustainability practices can enhance availability, and cost factors 
(Yang et al., 2013; Lun, 2011; Lu et al., 2009). For example, Lun (2011) 
claimed that, through regulatory compliance, ports can improve their 
availability such as social licence to operate and motives leading a port entity 
to invest in them. However, the findings of this study revealed that the 
benefits from sustainability practice are insufficient to be able to improve port 
availability at the same time. This is because ports are still reluctant to adopt 
a more proactive attitude towards environmental enforcement because of 
concerns that it will erode their competitiveness (Lun, 2011). However, as the 
motivation for preserving the marine environment has progressively triggered 
various international and regional agreements (e.g. United Nation Convention 
on the Law of the Sea, International Maritime Organisation's conventions, 
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and regional Memorandum of Understanding) (Yang et al., 2013; Lu et al., 
2009), this will force changes in port competition over time as claimed by 
prior studies (Dinwoodie et al., 2010; Lun, 2011; Cheon and Dwakin, 2010). 
Thus, future research needs to investigate synergistic effects of sustainability 
practice in order to better understand the environmental and social values.  
On the other hand, in terms of port costs, the results in sub-group analysis 
indicated that the higher level of implementation of sustainability practice 
showed better operational performance, but the moderating effect of 
sustainability practice on the relationship between port costs and operational 
performance was not significant. Although prior studies (e.g. Zhu and Sarkis, 
2004; Porter and van der Linde, 1995) argued that firms can achieve better 
economic performance from operational cost reductions, our findings 
discovered that financial benefits from sustainability practice are not likely to 
be reflected in port costs such as port charges, service costs and cargo 
handling costs. It seems to be because achieving the maximum economic 
profit is the prime aim of commercial port operation (Feretti et al., 2007).     
Consequently, the findings provide useful insights for operators and 
managers who are interested in implementing sustainability practice to 
successfully respond to changing business environments. The findings can 
be utilised to establish their sustainability strategies and a strategic agenda to 
assist ports to incorporate sustainability practice.  
Moreover, the findings provide empirical evidence that sustainability practice 
can contribute to enhancing their overall competitiveness reaping continual 
operational performance. This is the most important practical implication of 
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this study, in that the results of empirical research provide significant 
contributions to port operators to encourage a more proactive attitude for the 
adoption and implementation of sustainability practice, as well as offer critical 
insights for policy makers to encourage sustainability practices among port 
users and to review and establish the relevant activities such as monitoring 
systems, environmental regulations and incentives, which allow responding 
themselves to the rapidly changing business landscape.   
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CHAPTER 9: CONCLUSIONS 
 
This thesis explored and analysed the role of sustainability practice as a 
moderator on the relationship between competitiveness and operational 
performance, with the aim of encouraging more proactive adoption and/or 
implementation of sustainability practice in port operations. Prior works on 
port sustainability considered the importance of environmental perspectives 
on sustainable and responsible business to assist ports to proactively 
incorporate sustainable practice. In contrast, this study has highlighted the 
criticality of operational sustainability in managing competitiveness and 
operational performance in order to encourage proactive adoption and/or 
implementation of sustainability practice in mega container port operations. 
Drawing on multiple theories, this thesis advances the role of sustainability 
practice by shedding new light on how it improves operational sustainability 
through strengthening the relationships between competitiveness and 
operational performance, particularly analysing what is achievable and how 
sustainability practice contributes to the relationship between megaport 
competitiveness and operational performance. Furthermore, to guide future 
improvement strategies, this study has drawn out theoretical and practical 
implications based on empirical evidence. Consequently, this chapter 
presents recommendations and suggestions. After presenting 
recommendations for academia and the port industry, research directions for 
further study desired from the limitations of this study are suggested. 
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9.1 Recommendations  
 
An ongoing concern in operational management relates to sustainable and 
responsible business. To respond to a changing business environment which 
demands compliance with environmental regulation and the fulfilment of 
stakeholders’ expectations, firms and industries must constantly review their 
sustainability practice to preserve the marine environment, and as an 
opportunity to achieve a sustainable competitive advantage. Dispelling some 
lingering beliefs that environmental practice erodes competitiveness, this 
study advances the role of sustainability practice by shedding new light on 
how it improves operational sustainability through filling a void between what 
is achievable and how sustainable practice contributes to managing 
competitiveness and performance. This section, therefore, presents 
recommendations for future research and the port industry based on 
research findings.  
9.1.2 Recommendations for academia   
 
Drawing on multiple theories based on empirical investigation, this study 
discovered that sustainability practice is a significant factor for improving 
operational sustainability which enhances the relationship between 
competitiveness and operational performance. However, the findings of this 
study are a mere beginning, and attached too much importance to the 
relationship between competitiveness and performance.  
As pointed out in this study, very few studies have investigated the links 
between sustainability practices and operational sustainability considering 
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competitiveness and operational performance because prior works on 
sustainability practice focused on environmental perspectives such as low 
environmental impacts and environmental index development. In order to 
provide empirical evidence, this study analysed the impacts of sustainability 
practice on the relationship between competitiveness and operational 
performance, this is only the beginning for future research. More attention 
and a variety of academia approaches are required to explore and analyse 
the role of sustainability practice. This will assist organisations and industries 
to successfully achieve sustainability.  
In particular, the adoption and implementation of sustainability practice is 
relevant to attitudes towards responding to the external business 
environment, such as entrepreneurship and CSR (corporate social 
responsibility). Therefore, this study recommends that academic attention 
should be given to the theoretical relationships between attributes such as 
entrepreneurship and CSR that stimulate the adoption of sustainability 
practice, source of competitiveness, and performance including financial and 
non-financial aspects also required to provide practical implications for port 
industries.  
In addition, this study recommends case studies on the benefit of 
sustainability practice in a variety of organisations and industries, which 
provide empirical evidence and/or examples. These academic chiding on 
sustainability practice will provide the opportunities to suggest guidance for 
future improvement strategies in port operations, allowing for the 
benchmarking of successful cases.  
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9.1.3 Recommendations for the port industry 
 
This study pointed out that ports are still reluctant to take a positive attribute 
towards implementing sustainability practice because of concerns about 
lingering beliefs that sustainability practice can  erode competitiveness 
(Porter and van der Linde, 1995) and a lack of evidence because of limited 
studies (Denktas and Karatas, 2012; Cheon and Deakin, 2010). Thus, in 
order to assist ports to incorporate sustainability practice in their operations, 
this thesis highlighted the criticality of sustainability practice in managing the 
relationship between determinants of competitiveness and operational 
performance, providing empirical evidence. Based on research findings, 
recommendations for port industries include: 
Firstly, the findings revealed that sustainability practice can moderate the 
relationship between competitiveness and operational performance in highly 
competitive business environments. Therefore, with dissolving concerns 
about lingering beliefs that sustainability practice can erode competitiveness, 
this study recommends more positive adoption and implementation of 
sustainability practice in port operations in NEA.   
Secondly, the findings recommend important directions for strategic 
management, analysing what is achievable and how significantly that can 
enhance an influence. Based on research results, this study recommends a 
strategic adoption that devotes a great deal of effort to enhance efficiency 
and quality improvement from implementing sustainability practice, rather 
than the relatively fixed aspects such as physical availability and cost factors. 
This can help ports to achieve their sustainable competitive advantage, that 
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allowing continual improvement in competitiveness and operational 
performance. For example, IBM (international business machines), one of an 
American multinational technology and consulting corporation, constructed 
energy efficient centres referred to as EMDC (Enterprise modular data 
centre), which increased space utilisation up to four times with savings of 
15~20% in consumption of energy. Namely, IBM has improved their physical 
availability from efficient space utilisation. These strategic agenda can help 
ports to be more sustainable and competitive.  
Lastly, the findings of this study also provide significant managerial directions 
for ports to incorporate sustainability practice in port operations. This study 
investigated port stakeholders’ views of the attributes of sustainability 
practice. The results identified that all stakeholders engaged in port 
operations agree on the importance of sustainability practice, and that the 
practices have to be incorporated into the key attributes identified so as to 
respond to all stakeholders’ expectations. Thus, ports should constantly 
review sustainability practices for sustainable port operations, as well as 
need to be developed based on four key attributes, which is agreed by all 
stakeholders for future improvement strategies. Consequently, this study 
recommends the use of four key attributes identified in this study for 
reviewing and developing sustainability practices in port operations. 
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9.2 Limitations and suggestions for future research 
 
Notwithstanding the practical and academic contributions of this study, 
several limitations also exist in this study. Some limitations of this work 
present interesting directions for future research. Therefore, this section 
delivers suggestions and recommendations for further research based on 
research limitations of this study.  
 
9.2.1 Sampling and methodology 
 
First, because of time, financial and access constraints, the population for 
this study was limited only to Shanghai, Hong-Kong, and Busan port. 
However, container ports in Southeast Asia, particularly Singapore and some 
other major ports, directly and/or indirectly compete with those in NEA. As 
the theory can be strengthened by utilising multiple examples, to improve the 
ability to generalise findings, further studies will be needed to extend the 
research area, covering the competing global mega container ports. 
Moreover, to generalize findings beyond container port operations in NEA 
would require comparative studies between at least two different industries or 
global regions.    
Secondly, to overcome difficulties of collecting objective data due to the 
policy and confidentiality concerns (Roberts and Grover, 2012; Lu et al., 2009; 
Li et al., 2006), this study included perceptual measures for operational 
performance based on Lu et al. (2009), Christopher et al. (1997). Even in 
cases where perception-based subjective measures are significantly 
 260  
 
correlated with objective measures, it might be better to consider both 
subjective and objective measures (Rao and Holt, 2005; Li, 2000). Therefore, 
in future study, combinations of measures including both actual financial data 
and subjective performance measures, for example, combining financial data 
with subjective measures including customer satisfaction, may assist to 
provide a more complete and realistic representation of the results measured.   
Thirdly, in an analysis of moderating effects, although this study discovered 
the role of sustainability practice as a moderator and the reasons for non-
significant effects, the difference of the impacts in the level of implementing 
sustainability practice between high and low groups was evaluated by 
independent sample t-tests based on the mean difference. Therefore, future 
research could attempt various approaches to explore the difference between 
the groups. Therefore, this work recommends a group comparison that might 
be significantly associated with the significance of the moderating effect.   
 
9.2.2 Others 
 
There are some theoretical limitations of this study. Therefore, based on 
some limitations, this work suggests interesting research directions for future 
research.   
Firstly, regarding the structure of competitiveness, four critical factors 
(efficiency, availability, cost factors and service quality) were employed to 
measure megaport competitiveness in this study. However, the listed 
determinants of port competitiveness are not necessarily exhaustive. Given 
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the importance identified in the marketing and services literature of 
developing a firm’s competence in understanding customer needs and how 
to satisfy them (Ling, 2000), future studies could consider additional factor 
such as port strategies to evaluate competitiveness within port operational 
context.  
Moreover, in order to the achieve research objectives, this study focused on 
operational performance in port operations. However, operational 
performance could not comprehensively reflect benefits from implementation 
of sustainability practice (Denktas and Karatas, 2012; Peris-Mora et al., 2005) 
because sustainability practices in port operations encompasses multiple 
tasks that cannot simply be measured by the specific indicators (Cheon and 
Deakin, 2010; Seuring and Muller, 2008). Therefore, it would be interesting to 
focus on social and environmental performance with a company’s operational 
performance to comprehensively explore the benefits of sustainability 
practices.  
In addition, this study is based on cross-sectional data. The findings only 
provide an analysis of a current situation, as opposed to a longitudinal 
approach. However, a longitudinal approach requires historical data to 
evaluate and extrapolate the impacts of some practices (Stern et al., 1996). A 
longitudinal approach would be required to analyse the impacts of 
sustainability practices over time, utilizing panel data through continuous 
monitoring for systematic development (e.g. ISO 14001) to provide more 
useful and effective tools to monitor performance (Dinwoodie et al., 2012). 
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APPENDIX 
 
APPENDIX A: Interview prompt sheet 
 
Prompt sheet for interview 
 
Interviews were undertaken to understand the general and specific features 
of sustainability practice in mega container port operations in Northeast Asia, 
as well as to validate the attributes of sustainability practice in the context of 
container port operations, investigating the relevant issues.    
 
 Interview questions 
 
Section A – Identifying importance of sustainability practice 
 
1.1 How important do you regard sustainability practice in mega container 
port operations– please tick one score.  
                                                   (1 = not at all important to 5 = very important)  
Not at all Not important No reference Important Very 
important 
① ② ③ ④ ⑤ 
 
1.2 Why is it important for mega container port operations? 
1.3 How the practices improve port activities in managing competitiveness 
and its performance?                                                           
 (e.g. Port image improvement, operational efficiency and risk reduction) 
 
Section B - Validating the attributes of sustainability practice and 
grouping the relevant practices 
 
2.1 How important do you regard the attribute of sustainability practice - 
please tick one                   (1 = not at all important to 5 = very important)  
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Sustainability practice Not 
at all 
Not 
important 
No 
reference 
Important Very 
important 
Environmental technologies 
 (e.g. Eco-friendly technology, 
alternative energy resource)  
 
① 
 
② 
 
③ 
 
④ 
 
⑤ 
Continuously monitoring and 
improving port activities in a port  
(e.g. Replacement of older equipment, 
risk reduction, service differentiation)  
 
① 
 
② 
 
③ 
 
④ 
 
⑤ 
Operational efficiency through internal 
system growth  
(e.g. modal shift, IT integration, 
integrated ICT, training) 
 
① 
 
② 
 
③ 
 
④ 
 
⑤ 
Communications & cooperation  
(e.g. Information exchange, 
incentives)  
 
① 
 
② 
 
③ 
 
④ 
 
⑤ 
 
2.2 What are the relevant practices of each attribute?    
 
Attribute Practices detailed and/or the related issues 
 
Environmental technologies 
 
 
 
 
Monitoring & upgrading  
 
 
 
 
Internal growth  
 
 
 
 
Communications & cooperation  
 
 
 
 
2.3 What would be the main barriers to implementing sustainability practice? 
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 Interviewees profiles  
Group A) Port authority  
Organisation  Department Position Location Contact detail/E-mail 
BPA 
 
Port operation Vice 
president 
Busan, South 
Korea 
+82-51-999-3004 
Hwangsk@busanpa.com 
BPA Port operation 
team 
Manager Busan, South 
Korea 
+82-51-999-3121 
jmyoon@busanpa.com 
BPA Green growth 
team 
Manager Busan, South 
Korea 
+82-51-999-3121 
yjlee@busanpa.com 
 * BPA (Busan Port Authority) 
Group B) Service providers (Terminal operators) 
Organisation  Department Position Location Contact detail/E-mail 
BNCT Terminal 
operation 
Senior 
manager 
Busan new port, 
South Korea 
+82-51-290-1700 
namyoung@bnct.co.kr 
KBCT Terminal 
operation 
Team 
manager 
Busan new port, 
South Korea 
+82-51-620-0200 
webmaster@kbct.co.kr 
HBCT Terminal 
operation 
Team 
Manager 
Busan new port, 
South Korea 
+82- 51-220-2162 
kangky@hinc.co.kr 
* BNCT (Busan New Container Terminal), KBCT (Korean Busan Container 
Terminal), and HBCT (Han-jin Busan Container Terminal)  
Group C) Government bodies  
Organisation Department Position Location Contact detail/E-mail 
GPG Harbour & 
Logistics 
Senior 
manager 
Gyeongsangnam-
do, South Korea 
+82-55-211-3954 
port21@korea.kr 
GPG Port support General 
manager 
Gyeongsangnam-
do, South Korea 
+82-55-211-3956 
jiomo7@korea.kr 
GPG Port 
development 
General 
manager 
Gyeongsangnam-
do, South Korea 
+82-55-211-3985 
ddalgy0910@korea.kr 
* GPG (Gyeongnam Provincial Government) 
Group D) Academic groups 
Organisation  Department Position Location Contact detail/E-mail 
KMU Maritime 
transport 
Professor Busan, South 
Korea 
+82-51-890-1901 
Mhkno1@kmu.ac.uk 
GSNU International 
shipping 
Professor Gyeongsangnam-
do, South Korea 
+82-55-751-4076 
chiang@gnu.ac.kr 
GSNU Logistic & 
SCM 
Professor Gyeongsangnam-
do, South Korea 
+82-55-751-4073 
Gunhoon1@gnu.ac.kr 
* KMU (Korean Maritime University) and GSNU (Gyoung Sang National 
University) 
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 Data codes 
Codes  Codes  
 1.1 Importance of sustainability 
practice  
2.2 The relevant practices 
1.2 Strategic goals 2.2.1 Related issues in new process 
innovation and practices 
   1.2.1 Economic perspectives  2.2.2 Related issues in continual 
monitoring and improvement 
     
1.2.2 
Social-environmental 
perspectives 
 2.2.3 Related issues in internal growth 
   1.2.3 Operational perspectives  2.2.4 Related issues in cooperation and 
communication 
2.1 The importance of the 
attributes  
2.3  the main barriers and challenges  
   2.1.1 Environmental technologies  2.3.1 High installation cost 
   2.1.2 Monitoring & upgrading  2.3.4 a perceived lack of evidence 
2.1.3 Internal growth  2.3.5 Competitive business environment 
     
2.1.4 
Communications & 
cooperation  
2.2.1 Related issues in new process 
innovation and practices 
 
 
 Data coding 
Codes Group A Group B Group C Group D 
 1.1 (5) (5) (5) (5) 
 1.2     
            1.2.1 2 3 3 1 
            1.2.2 1 2 3 2 
            1.2.3 3 3 2 3 
2.1     
            2.1.1 (5) (5) (5) (5) 
            2.1.2 (4.66) (4.33) (5) (4.33) 
            2.1.3 (4) (4.33) (4.66) (4.66) 
            2.1.4 (5) (5) (5) (5) 
 2.2 23 29 19 15 
      2.2.1 4 5 4 3 
      2.2.2 3 5 3 2 
      2.2.3 11 13 9 7 
      2.2.4 5 6 3 3 
 2.3 3 2 2 4 
 2.3.1 X X O O 
 2.3.2      O O X O 
 2.3.3 O X O O 
 2.3.4     O O X O 
* The numbers describes the number of answers mentioned by each group, ( ): the 
mean values mentioned by each group, and O: Agreed, X: Disagreed.  
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APPENDIX B: Questionnaire for English 
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 292  
 
 
 
 
 
 293  
 
 
 
 
 
 
 294  
 
 
 
  
 295  
 
 
 
 
 
 296  
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APPENDIX C: Questionnaire for Chinese  
 
- (1) Traditional Chinese 
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 299  
 
 
 
 
  
 300  
 
 
 
 
 
 301  
 
 
 
  
 302  
 
 
 
 
 
 303  
 
 
 
 
  
 304  
 
- (2) Simplified Chinese  
 
 
 
 305  
 
 
 
  
 306  
 
 
 
  
 307  
 
 
 
  
 308  
 
 
 
  
 309  
 
 
 
  
 310  
 
 
 
  
 311  
 
APPENDIX D: Questionnaire for Korean 
 
 
 
 
 312  
 
 
 
 
 
 313  
 
 
 
  
 314  
 
 
 
  
 315  
 
 
 
  
 316  
 
 
 
  
 317  
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APPENDIX E: Mahalanobis D2 Distance  
 
Mahalanobis D2 Distance Test (Observations farthest from the centroid)  
 
 
Observation number Mahalanobis d-squared p1 p2 
172 51.412 0.002 0.351 
37 49.941 0.003 0.138 
48 47.866 0.006 0.107 
40 40.913 0.032 0.887 
138 40.859 0.032 0.782 
191 40.073 0.038 0.794 
131 39.382 0.045 0.808 
160 39.128 0.047 0.75 
135 38.725 0.052 0.729 
55 38.39 0.056 0.698 
76 37.668 0.065 0.773 
104 37.299 0.07 0.771 
183 36.956 0.075 0.768 
153 36.712 0.079 0.744 
113 36.146 0.089 0.809 
195 35.911 0.093 0.794 
86 35.807 0.095 0.746 
33 35.784 0.096 0.668 
45 35.574 0.1 0.65 
179 35.479 0.102 0.593 
52 35.186 0.108 0.61 
141 35.095 0.11 0.556 
139 34.803 0.116 0.58 
100 34.676 0.119 0.543 
110 34.424 0.125 0.558 
190 34.275 0.128 0.534 
188 34.261 0.129 0.456 
193 33.916 0.137 0.518 
184 33.788 0.14 0.491 
180 33.617 0.145 0.485 
63 33.575 0.146 0.424 
44 33.288 0.154 0.471 
202 33.259 0.155 0.408 
133 33.042 0.161 0.428 
38 32.942 0.164 0.398 
23 32.82 0.167 0.38 
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92 32.725 0.17 0.352 
19 32.118 0.189 0.558 
46 31.798 0.2 0.636 
182 31.556 0.208 0.679 
170 31.306 0.217 0.725 
11 31.238 0.22 0.694 
132 30.812 0.235 0.808 
122 30.737 0.238 0.786 
200 30.726 0.239 0.739 
155 30.694 0.24 0.696 
32 30.691 0.24 0.638 
118 30.414 0.251 0.706 
68 30.325 0.254 0.69 
115 30.264 0.257 0.66 
169 30.099 0.264 0.68 
162 29.835 0.275 0.745 
80 29.813 0.275 0.701 
192 29.788 0.276 0.656 
42 29.732 0.279 0.625 
27 29.707 0.28 0.578 
116 29.519 0.288 0.616 
126 29.382 0.294 0.628 
114 29.254 0.3 0.636 
71 29.061 0.308 0.678 
41 28.998 0.311 0.654 
196 28.947 0.314 0.624 
13 28.913 0.315 0.583 
151 28.524 0.333 0.729 
173 28.189 0.349 0.826 
67 28.189 0.349 0.786 
39 28.047 0.356 0.802 
197 28.002 0.358 0.778 
158 27.696 0.374 0.857 
186 27.667 0.375 0.832 
111 27.63 0.377 0.808 
59 27.41 0.388 0.853 
3 26.981 0.41 0.939 
124 26.884 0.415 0.939 
137 26.759 0.422 0.945 
43 26.748 0.423 0.929 
175 26.718 0.424 0.915 
156 26.687 0.426 0.899 
144 26.613 0.43 0.893 
1 26.521 0.435 0.893 
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140 26.486 0.437 0.875 
171 26.47 0.438 0.85 
120 26.411 0.441 0.838 
56 26.385 0.442 0.811 
125 26.372 0.443 0.777 
189 26.302 0.447 0.766 
177 26.288 0.447 0.728 
107 26.271 0.448 0.689 
47 26.255 0.449 0.646 
142 26.137 0.456 0.662 
146 26 0.463 0.689 
149 25.92 0.468 0.684 
30 25.817 0.473 0.691 
26 25.779 0.475 0.662 
94 25.751 0.477 0.626 
87 25.749 0.477 0.574 
29 25.643 0.483 0.584 
136 25.509 0.49 0.613 
69 25.399 0.497 0.626 
77 25.381 0.498 0.583 
 
